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A veling & Porter, L- 
ROCHESTER. ; 
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Road Rotters & Tractors. 


YARROW * G82. 
PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT VESSELS. 
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John Pellamy,  jmited, 


MILLWALL, LONDON, EB 
CTIONAL 


1216 
GENERAL ConsTRv 


Srmis, Perrot Tanxs, Am REecxkIvers, STEEL 
Currys, Riverep STEAM AXD VENTILATING PIP Es, 
Hoppens, SPeciaL WoRK, REPAIRS OF ALL KINDS. 


Boilers, Tanks, & Mooring Buoys | 
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les Limited, 


Ma tay nArEne MANOHESTER, 
FRED WATER 


pA some oe BVAPORATORS, Ps 
BRS, AIR 


Merits t Patent TWih) STRAINERS for Pump 


expense: STRAMT bane esti oY VES 
ATER SOFTENING and LT RR 6728 
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CULVBE STREET WORKS, COLCHESTER. 
Ow ADMIRALTY anp War Orrice Lists. 


ENGINES for Torpedo Boats, Yachts, Launches, 


BOILER FEED PUMPS. 
See advertisement pages 24 and 25, 


ENT R-TOBE BOILERS, 
= ware! UTOMATIC FEED REGULATORS. 


And Ausillary gin * as supplied to the 


D*sse+ee. 


LL DESCRIPT: 
FLOATING ‘CRANES. COAL “BUNK ERING 
VESSELS, 





Agents: MARES WORKS, 
39-41, New Broap ya: LON 
See half- page Advert..last weck 


3 ranes.—Ele ane. sg Tee 


ahatader” pd an AEDs 


GEORGE “fuse LL @ 2 00., Lrp., 
Moth: lasgow.. 9948 


erwell, near G 
” STEEL TANKS, PIPES, GASHULDERS, &c. 


rT thos. Piggott . & Co., Limited, 


RMINGHAM Tall 
See Advertisement last week, page 89 


Psat A° opwood & Ix irk 
S PATENT ve 
LERS. > hag 
Sole Makers: SPENOMIE BONROOUHT, 
Parliament “area Victoria St.; London, 8.W. 


Y'ank Locomotives. 
Specification and Workmanship equal to 


moti 
R, & W. HAWTHORN, LESLIE & CO. Lp., 
BNGINEERs, NEWOASTLE-ON-TYRE. 9044 


(; ochran MULTITUBULAR AN 














CROSS-TUBE TYPES. 


See page 17. Bollere. 
K J. Davis, 


pe gg, 


9047 


M.1.Mech.E., 


eet. Tested ond 
Reported ‘U er 25 rience, Tel, : 
788 and 737 tford. Wire, e Esp distng. London.” 
—Great Bastérn Road, Stratferd, 1704 


N [echanical Beslenina Work- 


ay nd Coloured Drawings, Card 
Wood Models, Se ms & teehuical work 
fic. eges JOY rn HARRI NU Ulster Chambers, 

86 Regent St., Ww.1. : Regent 3u01. 932 


i nvincible (j2nge (;lasees. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester. Od 9763 














(\ampbells & Hae, | Poe 
Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
’ Bevel and Mitre Wheels planed up to 3 ft. diam. 


Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS 





a 'V OSPER & | & Co 0., Tr. 
8 eae 


went LAUNOM BUILDERS, 04 3551 
NEERS & BOILER MAKERS, 


aut —Maxted & Knott, 
an Lp. is Uement Bagineers, ADVISE 


Schemes FOR 
ENGLAND AND ROAD. — ONLY. 
est references. 18¥0. 


Address, BuaNetr Averve, HuLs. 
Oablegrams: “ Energy, Hull.” 


IL FUEL APPLIANCBS, 
Atm, Stzam 


For ype 
KunuoDas L ee teeD, 
35, The Temple, Dale Street, 
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Naval "Speciality, 
also for Merchant Ships, a 


Ind Process Furnaces 


of al) kinds. 
ues | A the British and 
other Governments. 
——— No.: Central 2832 
Telegrams: “ Warmth.” 718 


ocomotives Tank Engines 


WARDLE AND OOMPAN?, 
MANNING, W LE AND OOMPANY, Lourrep, 
Boyne Bngine Works, Lees. Od 1487 
See their Illus, Advertisement, page 93, last rs 
RAILWAY AND TRAMWAY ROLLING STOCK. 


H™ Nelson & Co. L 4. 


Tue Guaseow Roiiine Stock axp PLaytT bt 3 
MoTHERWELL. Od 3383 


R.* Pickering & Co., Ltd., 


(RerTaBLisHED 1864.) 











MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE, 
Chief Works and Offices: 
WISHAW, near GLASGOW. 


Office: 04 
8, Vicronia Street, Westminster, 8.W. 
enry Butcher & Coa.,, 


AUCTIONEBRS, VALUERS samp SURVEYORS 
for 
ENGINEBRING amp ALLIED -TRADES 





and 
INDUSTRIAL PROPERTIBS. 9866 
63 and 64, CHANCERY LANE, LONDON, W.0.2. 


BUILDERS of RAILWAY CARRIAGES 2WAGONS. | 


TROW & STEEL 


Tapes ae! Fittings 


Steel acs. 
| Seciaiss AND Lnorne, Lua. 


GLASGOW - BIRMINGHAM «. LONDON, 
See Advertisement Page 84. 9952 


conomy ! 
K, 


HIGH BOILER EFFICIENCES 
ARE OBTAINED BY INSTALLING 


[iodd O il Bwrzers 
FURL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 

49-51, Bastcueap, Lonpow, B.C, 3, 

TODD SHIPYARDS CORPORATION, 


Builders of Steam and Motor Ships, Repairers, 
Blectric Drive Lustallations, 


Twenty-one Ploating Docks, Two Graving Docks, 


Twelve Shipways. 
i 


25, Broadway, New York, U.S.A. 
London ofice—is Vit Victoria Sweet 8 








Glasgow Railway 
Engi gineering C Company, 


so" 


May 
RAILWAY CARKIAG ky Wh WAGON, & TRAMWAY 
w AXLES. 


CARRIAGE & WAGON IRONWORK, also 
CAST-STBEL AXLE BOXES. 


SPKCIFY "Haste STBRL OHAIN. 


f heat IN THE W ms WOLD, hain se 


Sole Manufacturers: BSS CHAINS, Lrp 
60, WELLINGTON StRBUT: GLASGOW. 


Bretts atent J ifter (co. 


Lrmirep, 


ammers, Presses, Furnaces, 
COVENTRY. 610 


Tus Giaseow Roiiine Stock aNp Plan? Works. 


urst, Nelson & Co., Ltd., 
BusldersofRATLW AYOARRIAG BS. ——— 
KLEUTRIC CAKS, and ever 
or RALLWAY and TRAMWAY QOLLING 3 STUCK. 
Makers of Wurets and Axtxzs, RaftLway Pant, 
Foreies, Smira Work, tron & Brass Casrines, 
PRESSED STEEL WORK OF ALL Kinps 
Re red Office and Chief Works; rg 
London Office: 14, Leadenhall Street, EB 0d3382 
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YARROW * %2ey, 3m 
LAND AND MARINE 


YARROW BOILERS, 
“810, 


Mitthew pa & CJ Li 
yoy y Page Advt., page 08, Bor, tarion. ” 


Froreings. 
Water Somers, Limited, 
[eylor & (Shallen 
AP resses — 


uction SHERT 
Foundry, CART DEMS AnD GeNPOWD 
Fou: ks, and Showrooms: BIRMINGBAM, 














voTRW DELTA METAL OO. Lape eal 
REENWICK, LON DON,S.K. 10(4 at Birmingham) 

= P. Thurston, ‘D.Se., 
we advice on Patents, 

Bullaines, W. 0. 2 Be Holborn, 2542 oot 
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ailway 
G witches and 
rossings. 

T. sedenetenn + a Sons, LIMITED, 





ON ADMIRALTY LIST, 


ohn Kirkaldy, Ltd. 
London 5 ld 101, eye Sr 
Gunes Stn 88 


8, 
Works: ih ees, 


aoe Piting Panta 
pres Water 
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TN : 
fjlectric (iranes. 
§. #. uuxwWOoD 2 co., LED., = 


lectric Yransporters. 
K ey | 


5. H. HEYWOOD 4 & 0O., LTD., 
REDDISH, 


ectric Litt 


| 
E (UP TO % TONS.) 

8. H. HEYWOOD. D & OO., LTD. ° 
DISH, 


Locomotive ([raversers 
(BLEOTRIO). 


\. D 9 
aieclons* Nanas 





DDISA. 
Poller, Horsey , Sons & Cassell. 
a AND D VALUATION > 


Padui.asts 
PLANT AND MACHINERY 
a 
ENGINERKING WORKS. 
11, BILLITER SQUABR, 3.0.3 





Tubes and Plittings. 
lien ors homed: | 


Birkenhead. 


See Mlustrated Advertisement Page 63, Nov. 10. 
T ccomotive ShuntingCre nes 


Steam and Eicetric Cranes] 


EXCAVATORS, CRANE-NAVVIBS, GRABS, 
SHIPS’ WINDLASSES a WiNciEs, and 
DECK MA MACHINERY 


laps of Sraxsany Sires ox ArriicaTioN. © 





a ee eee 


af ohn H, W itson ao. Tid,, D 


esigns, Drawings, Tracings. 


Working Drawiugs made from clients sketches 
=< ee 
jesign rawin 
cations, and all prea of 
fixture design and 


P. & W. Maclellan, Limited, 
OLUTHA WORKS, GLASGOW. 
RAILWAY. ‘CAMMIAG HS AND wagons 


RAILWAY IRONWORK. BRIDO RS, ROOFING, be, 





La ir — all Stiasee 


econd- band BLECTRICALLY 0 i, Dee 

oa. te MOTORS 60:5 100 hi. “Ya per condl. 
~— at svees one-third current 

BSBL Eagines to 1200 HP. 

CENT HIPOGAL and other PUM 

OTORS, 200/250 wate, Soom from 4 to 600 


JENNINGS, 


a D.C, 





aeers 15, VIOTORIA STREBT, &.W. re 


West Walls, Neweastle-on-Tyne. 


“| Pott, ((aseels + WViliamon, 





See halt gage Adrernement page 18 Oot 
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under the Factory 


for Damages 
in case Bxplosions. Hngines 
and Bollers ie sere eoneirartion: 5y8 
M 
COUNTY. BNGINBBKS. 


CONDITIONS OF ADMISSION, 
otice is Hereby Given that 


a resolution toamend the B a will bé pro. 
posed at the 50thAnnual General restric’ 
admigston to corporate asaverhiy = Engineers 
who pera & professional diploma or certificate, 
ora University gh awarded after examination 
by some responsible body in addition to professional 
Nearer may be obtained from the 


"Sy. Ww. DUDLEY ROBINSON, 
Secretary of the Institution, 


— 
Weatminster, 5.W. 1. 
8th November, 1922, _ W 855 


APPLICATION FOR 4. LICENCE OF THE 
BOARD OF TRADE. 


Not ice is Hereby Given that 
Compan 





FOcmeoitie of the 20th section of we 
oneolidation) Act, Sem 

{Ge the mga = Bye Bw “ticece 

directing an Associat' ed under 

the name of “ THE INSTITUTION ‘Or CHEMI. 

CAL BNGINEERS ” to be registered with Limited 

pone any 0 el the addition of the word 


The odjects for which’ the Association is proposed 
to be established are :— 

“To promote the science and practice of Chemi- 

cal Bogineerin 

The other objeote Of the Association are set out 
in extenso in the Memorandum of ation, a 
copy of which may be tespemtee at the office of 
Messrs. Hol ste Con & Pott, Capel House, New 


Broad Street, B.C 

Ot Is HHREBY FURTHER GIVEN vy~d 
person, Company, or Corporation objectin 
th 8 —- may bring euch objection i. 
of Trade, on or before the 2nd ‘day of 
December next, by « letter addressed te The Comp- 
troller of the ‘Oumpantes Department, oa of 

Trade, Great George Street, London, 8.W. 1 
DATHD this Sth day of November 1929. | W 765 
HOLMBS, SON & POTT, : 
Solicitors to the Institation. 


He -. ngimeering Exams. 
mogmecting: J, WHITE, B.S. 

Wk «)y = Lond, 

UITION in ALL ANG! BERING SUBJEC1S, 
lor B Sc., Inst.0.B. and Mech. B. 
- SURVEY YInG eon GEOLOGY, 
Chemistry, FUBL TECHNOLOGY and MINING 
courses rite fur Prospectus to the ProycipaL: 
J, Ww. FARMERY, M.A. (Cantab.), Dept. BN. 

39, Victoria st., Westminster, 8. Ww.i. 
Tel. 4411. Ww 


nst. U.E., L Mech. E., B.Sc., 


and ail Baiapern Bxaminations —Mr. G. P 
KNOWLUNS, Bic. A.M.Inst.C.B., F.S.1., 
PR BPARRS | CANDIDATHS personally 


y co 
durin the last sixteen 
eaves at any time. von ictoria 
8.W. Tel. 4780 Victoria. 


‘ 

Oe Courses for 
Inet, Civit Yan Inet.Mech.B , London Univ 
oer Inter., B.Sc.), and ALL ENGINEBRING 
Gra winations reonally conducted by Mr. 
TREVOR W. out IPS. B.Sc. (Honours), Assoc. 
M.inet.C.B, MR.S.1., F.R.S.A,, &o. Also Day 
Tuition in Office. Bxcellent results at all Exams 
arses may commence at any time, and al! 
Stutents receive individual tuition.—For full par- 
} remy apply te 8/ll, Trarromp CuamBens, 58 
Sours Jouy Street. LIVERPOOL, 575 


nat. C,E. Exams. —Successes 

* usual last Exam. by Correspondence Coach: 

In Successes b hundreds, several prizes. Seo. 

* embraces years’ professional experience.— 
addven 14¢, Officenol Kwame rraive 


Brochure on ** Engineering 
Pal nenaSenit and SALES MANAGK- 
MENT.” with Ty culars of a SPECIAL COURSE 
of training, wil! be sent post free on —— to 
DIRKOTOR. Tae Iinstirore oF HYNeIvernine 
GaLeomanenrr, 338, Oxford Rd., Manchester, —_ 984 


owering of Vessels.—A 
Practical Course of Instruction by Corre. 
spondence,—A,idress, for particulars terms, 
148, Offices of Bvernereine. 
————— ——— 
TENDERS. 


CITY UF LBIOBSTBR WATBRWORKS. 
BEVINGTON SERVICE RESBRVOIR. 
The Water Committee are prepared to receive 


Desiges and. Tenders for the 


va at ga May weet leah wernt 
RNSERVOIR re gallons capacity at 
RBvington, sede tf 
. General Tuforengtion ‘and | Conflitions to be 
“Observed in oh Rapens dikeeetnn ee 
together with age wed ite can 
be obtained on “pi 
rue and bairman 
Seat “Geen Gumaniites, Water bay tn) Office, 
Bow reen iter, mus received 
uot ale than iy a.m. on December 7th, 1922, 
poe Hono * Tender for B Reservoir.” 
The Water Committee co not bind themselves to 


the 





rt Postal or Private 








as may com- 
re Westminster, 
1 
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ee 








' gocept t e lower or any Tender, nor to reimburse 


for any expense they may incur in 
and T 


eee a 2.8 BWARDS. M.Inst.0.8., 
ater Hngineer. 

Water Worke Oftice, 

» Bowling Green Street, 

. . Tehoester. Ww me 


Special courses | STHAM, DRAI 


prescribed 
020 | and addressed, must be Selioeens 


ENGINEERING. 





[Nov. 17, 1922. 








Nestea! HIGH Smeets hipandan Be FOR INDIA, 


ders for the Supply 


ot :— 
1. witmMLs & AXLES, 6 ft. 6 in. gange. 
+ 2, MILD’ STBBL BARS, round, hot sawn, + 

einforced concrete. 


e 
Fecun”. of Tender may be obtained from the| 
Director-General, India Store Department, Branch 
Lambeth, 8.B.1, and 
Tenders are to be delivered s at that Office not later. 
than Two o'clock En. jay, the 5th 
December, 1922, tor No, 4s and Thursday, the 7th 
December, 1922, for No. 2. 
T. RYAN, W 823 


Director-General, 





TENDERS FOR PLANT. 


STATE BLECTRIOCITY COMMISSION OF 
VICTORIA. 
nders are Hereby 
Invited for the SUPPLY, Faoaichen 


a3 I of the following for "the Morwell 


Power Scheme. 
- a es of b aay Baroni and Specification will be 


u 
vane GNT-GEN EIA NERAL FOR ae oe 
Melbourne Place, Strand, Lendon, 
SPECIFICATION rte jo 388 -SWITCHGRAR AND 


Cuaner :—£2 . per set of ~~ eoptes complete 
Gention ue Drewisan rh charge 
nm and Dra ~y 73 c 
on receipt of a bona fourth or Wd 

further copies will be applies for the sum of 10s. 
each, but this charge is not returnable. 

PRELIMINARY Deposit: ~A Preliminary Deposit 
one Bracin ar ae er. Ee. 
he cation may nspected att e ve- 
tioned office. 

The Comentenion does not bind itself to accept the 
lowest or any Tender, 

Tenders on prescribed form, pro operly endorsed 
and addressed, must be delivered tothe undersigned 
in Melbourne not later than Five p-m., on the 15th 


Jan 1923, 
ss iy R, LIDDELOW, 
Sec ecretary. 
State Electricity Commission of Victoria, 
elbourne, Victoria, 


ustralia 





W 706 





STATE BLEOTRICITY COMMISSION OF 
VICTORIA. 


TEN DERE FOR FOR PLANT, 


gaTotcs.... are Hereby 
Invited for the SUPPLY, DELIVER 


‘eto., of the following for the Morwell 
Power Scheme. 
Copies of Tender Form and Specification will be 


os u ication to :— 
GENT. aN NERAL FOR bi eae 
Meteoaras Place, ee, Lendon. 


SPECIFICATION No. 33/$—HIGH PRESSURE 
N AND FEBP PIPING, VALVES, 


TRAPS, 

CHARGE i—29 2s. for the first two copies complete 
with Tender Forms, Conditions of Contract, 
Specification and Drawin This charge is return- 
able on receipt of s bona fide’ Tender. Athird orany 
farther copies will be supplied for the sum of 
£1 1s. each, but this charge is not returnable, ~ 

PRELIMINARY Deposit :—A me gab Deposit 
of £60 is to be lodyed with the Tend 

The Specification may be inspected ‘at the above 
mentioned Office. 

The Commission does not bind itself to accept the 
lowest or any Tender, 

Tenders on wered Fo the ut entvenet 

eunde 
Five p.m., h 


R. moe ces vated 
State Electricity Commission of Victoria,” 


Melbourne, Victoria, 
ustral! 


in Melbourne not later than 
January. 1923. 


W 707 





METROPOLITAN WATER BOARD. 
CONDUIT—LITTLETON TO HAMPTON. 


The Metropolitan Water Board invite 


nders for the Construction 
35 yards twin 96 in, diameter 

aBINFOROKD LONORETE CUNDUITS, and 
about 3,900 lineal yards of 72in. REINFORCED 
CUNCRETEB CONDUIT, from Littleton to Kem 
ton; also the LAYING ONLY of about 2,000 
of 48 in. — CAST IRON PIPE frem Kem 
ten to Ham » together with a CONCRKT 
INTAKE CHANNEL to the Staines Aqueduct, and 
for contingent works. 

Drawings, Conditi Contract, and Specifi- 
cation may be inspected without payment of Tee at 
the Offices of the Board, Chief Engineer's Depart. 
ment Room 201), on and after Monday, 20th 
November, 1923. 

Copies of drawings may be obtained at the cost of 
the tenderer through the Board's Phote Printers. 
Forms of Tender, Conditions of Contract, Specifi- 
cation, and Bills of Quantities, together with a 





— | spare copy of the Bills of Quantities may be 


obtained on and after 20th November 1922, from 
Mr. Henry 8B. Sri.eor, M. go tt BR, the we 
Kngincer, on production ‘ot #n official eee 
the sum of £4, whirh sum must be deposited with 
tne Accountant to the and will be returned 
on receipt of a bona fide Tender the se by the 
——— documents (with the exce the 

pane ota the Bilis of Quantities. w ich may be 
cnatned y the tenderer), together with all copies 
of drawings obtained by the tenderer. 

eoeee Ss are = ae’ a ihestione's must be made 

en a.m, and 4.30 p.m. 
(Saturdays Ten a.m. an Twelve noon). 

Tenders enclosed in sealed ps aldressed 
to “The Clerk of the yoni Metropolitan Water 
Board, 173, Avenue, London, B.C. 1, and 
“Tender for Conduit, Littleton to Hamp- 
ton “ must be delivered at the Offices of the Board 
_ later than Ten a.m, on Monday, Ist January, 


"The Board do not bind themselves to accept the 
lowest or any Tender. 
Ww, MOO. 


N 
Clerk of the Board. 


Te Roeshory Avenue, B.0. 1. 


10th November, 1922, Ws 





Speci- 
is returnable O.1 


, | Castings, Mall. Iron 








———— 
BENGAL-NAGPUR RAILWAY COMPANY 
LIMITED. 


The Directors are pre pared to receive 


(Tenders for :— 
ene Cota 
8 sseeuned Pore Forms of Tender can be obtained 


at Com “s Offices, 132, Gresham House, — 
Brosd Street, London, H.0.2, om or after 14th 


November, 1922. 

A fee of £1 1s. will be t.) foreach specification, 
which will not be return: 

Tenders must be submitted not later than Noon on 
ag 27th November, 1922. 
irectors do not bind themselves to accept 


the lowest or uy, Tender. 
~ of the Board, W 8% 
Secretary. 


C.. VOLEERS, 
THE SOUTH se tart 7/2, COMPANY, 


rPlenders. ‘for be the: Supply 


1, ba CROSSI 


2. STHEL SCREW OOUPLINGS, 
8 repr ane Forms gf? ee be 
va. e e m ‘s ices, 91, Petty 
, We-tminster, S. sw... 

Tenders addressed to the Chairman and Directors 
of the South Indian we Dartlenen Onilate nm gp 
ato -—"* Tenders for Swii qn 

Chairs,” or as the case may os; Fe must left 
with the undersigned not later than Twelve noon on 
Friday the Ist 

¢ Directors d - be A 
thet lowest or ore-iaee 
A charge, which will aot. be returned, will be made 
of 10s. for each copy of Specifications Nos, 1 and 2. 

Copies of = Drawings may be obtained at the 
Offices of Mesers. RopertT Waite & Partners, 
Consulting tafser to the Company, 3, Victoria 
Street, Westminster, 5.W. 1 

A MUTMRAD, Directo 
rector. 

91, Petty France, §.W. 1. 


__ 16th November, 1922. eee: okt 


THE PACIFIC CABLE BOARD, 
QueEN Ann's CHAMBERS, WESTMINSTER, 
invite British Manufacturers to 


[render for the Manufacture 
and LAYING of 1313°75 nautical miles of 
SUBMARINE TELEGRAPH CABLE between 
Auckland (New Zealand) and Suva (Fiji) and also 
for the MANUFACTURE and LAYING on the 
same eo? of 539 nautical miles between 
Sydney (New Sonth Wales, Australia) and South- 
port (Queensland, Australia), making in all « total 
ength of Cable of 1852°76 nautical miles. 

orms of Contract, Specification, and Tender may 
be obtained on and after aoe a November, 
1922, epee soe application at the U of the Board, 
or to ti ra’s Engineers, Messrs. CLARK. ge 
aNp Tay Lon, 4, Great Winchester Street, E.C., 
whose offi: es charts showing the proposed routes of 
the cables may be inspe a 

ad 





y of :— 
and O.I. 


I 
bind themselves to accept 


'sucoxt HarD SHLF-LOADIAG 
condition cation and 


West 


he Egyptian Ports anc 


B for work at Sue: 
DREDGE. 


in good Specifi Tend: 1 
can be obtained f ws hg 


rom 
The INSPECTING ENGIN 
Egyptian and Sudan Governments, 
Queen Anne’s Chambers, 


Westminster. 
where Tenders will be received up to Noon on th 
30th November, 1922. W 80: 





SWANSBA HARBOUR TRUST. 
The Trustees invite 


[renders for the Supply and 
DELIVERY of the follows 
About 105 tons of 
SECIION RAILS. 
About 65 cwt. 


80 Ib, T-BOTTOMEL 

Shallow FISHPLATES tx 

match. 

So 85 tons of 80 1b, BULL-HEAD SECTION 
About 67 owt, Shallow PISHPLATES |, to 

match. 


About 100 tons New Slightly Defective 80 1b. 
FLAT-BOTTOMED SECTION Baits with FISH 
PLATES to match. 

lem tee aay CREOSOTED SLEEPERS, 9 ft. by 

‘About. 4 as CAST TRON RAILWAY CHAIRS, 
a ximately 44) Ib. each, 

en STOP BLOCKS complete. 

Further particulars may be obtained of the 
Trustees’ Engineer, Mr A. O. Scuepx, M.I.0.E., 
Harbour Offices, Swansea. 

Tenders, sealed and marked “ Railway Material,” 
to be delivered to the undersigned on or befor: 
4th December, 1922. 

The irustees do not bind themselves to accept 
the lowest or any Tender. 

TALFOURD ra nM 


Harbour Offices, 


Swansea, 
November 15th, 1922. W 830 


THE GREAT INDIAN PENINSULA RAILWAY 
. COMPANY. 
ELECTRIFICATION OF BOMBAY SUBURBAN 
LINES. 


The Directors are prepared to receive 


[Tenders for the Supply of the 


following PLANT, namely :— 


Fee for eer (hem 
1. Blectrical equipment of coaches... 
2..Overbead equipmént of per- 

manent — and overhead 
distribution lines e. 22. 

Specifications and Forms of Tender may be 

obtained at this office on and after 20th November, 

1924, on payment of the fee for the Specification, 

winch payment will not be ret 





Applications must be accompant t of 
Five Guineas, which will be » rroane Fb po me of 
a bona fide Tender. 

Tenders must be addressed to The Pacific Cable 
Board, Queen Anne's Chambers, Westminster, and 
must be delivered there before Three p.m. of the 
7th day of December, 1922; sealed and marked 
“* Tender for Cable.” 

The Board do not bind themselves to accept the 
lowest or any Tender. w 


GREAT SOUTHERN & WESTERN RAILWAY 
(IRELAND). rt 
CONTRACTS, 1923. 
The Dir re of the Great Southern and Western 
Railway Company are prepared to.receive 


[Tenders for the Supply of the 


undermentioned STORES Three Months 
commencing Ist January, 1923, and alternatively for 
Six Months cou mencing the same date. 
No. of 
Form. 
Acta Sulphurie ... 3p Sheet, 
ee. Sheeting, te 27a 
40 = and China Sun- 
Baskets ow 30 dries . 27 
Bolts, orate aud Rivets 15| Hardware (Sundry) 
Brooms and Brushes 13 | India Rubber Goods 
Brass Fittings for implements, Sundr 


) «- 18} lron Tubes an 
Do. do. for Water 26 am 


Fittings... 
Do. do. for Gas 26BN Leather 
Canvas and Sacks ... 





No, of 


Form 
Glass, and 


Locks and Keys 
je Fibre .. 
Cloth for Carriages alls ese 
Clothing, Oil... -- 9B Peckings 
Do. _ LR. proofed 9B | Plumbago 
Coach accom and = b pangs Pipes and 
so. 15 
2 Ropes Te Twine & Flax 
i 38 | Soaps 
5a Sywer Pipes, Plaster 
Crucibles ‘ o of Paris, ete. 
Drysalteries ... 3 + acebe Spades, ete etc. 2a 
5 


Kmer be ma Glass 5 
val Wire Pulle 11 


Clot 
en and Toul Steel Stone and Split Pins 14 
Tin Plates... 22 


Fire Bricks and Clay 


Foundry Requisites 

Ga'tvanized Sheets, 
Buckets, ete. ... 

Grates, Stoves , 

Grindstones ... ooo -- 8 ~...30B 


Forms of Tender ca on PAYMENT 
of 6d. onan from the ¢ STONLS SUI SUPERINTENDENT, 
GEN STORES DEPARTMENT, G.S. & W.R., 
INCHICORE. DUBLIN. Applications for forms hy 
Post must be acco! nied by Postal Order. Stamps 
cannot be oceegtes . All enquiries for information 
should be also directed to the oe 

Patterus may be inspected at the General Stores 
Department on and after the 17tb inst., between the 
hours of Ten a.m. and Four pa. (except on 
Saturdays). 

Tenders must be enclosed In the special envelope 
war for the purpose with each schedule, and 
must be so as to be with the und ed 

before Ten a m. on be = eee 29tb Rereaee 422 

The Directors will consider Sater 
unlese it is furnished on the Company's 
¢ not bind themselves to accept sine 


Si T ORAWFORD Secretary 
5 . 


aste . Sa 
Wat erproot Clot hing 9B 
Wicks 5 


by “Fence 
igna oo 
wirenor 


28 
20 
33 
42 
23 
24 


and 
«+» BOA 
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tors may Tender for either or both of the 
ieove sections. 

The fee should accompany any saytestion by 
post. Cheques and Postal Orders should be crossed 
and made payable to the Great Indian Peninsula 
Railway Compan pany. 

Tenders must be delivered in separate od, oarked 
sealed and addressed to the und 
“ Tender for Blectrical Sesipmest of Coaches,” or 
case may be, later than Bleven 
o'clock a.m. on Tuesday, the < oth January, 1923. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

The Consulting Engineers to whom applications 
tor »ny further technical information may be made 
are Messrs. Merz & McLELLayN, 32, Victoria Street, 


Weatminster, 5.W.1. 
R. H. WALPOLE, 
Secretary. 
Company's Offices. 
48, Copthall Avenue, H.0. 2. 


London, 14th November, 1922. W Si 





OITY OF NOTTINGHAM. 


The Works and Ways Committee are prepared to 
receive 


Tenders for the. Supply of 


the Y ogy meh ge fume and 

MATERIALS, the C on the 
ist January, next, and te tormaunbe on the 30th 
June, 192%: 
Cement. 
Biue Lias Lime, 
Red Bricks. 
Blue Bricks. 
Timber. - 
Stoneware Pipes, ¢' 
Stoneware Pipes, - (Patent Joints). 
Iron Castings, lron Gulleys, etc. 
Yorksbire Fiags, Kerb, etc. 
Granite Setts. Kerb, and Broken Granite. 
Ironstone Slag, Chippings, ete. 
River Gravel 
Picks, Shovels, Scoops, etc 
lronmongery. 
Scavenging and other Brushes. 
Disinfectants. 
Refined Tar. 
Pitch. 

T Creosote Oil. 

Forms of Tender my be Sbtained on applying 
to Mr. T. Waus Gorpon, City EBrgineer ar 
Surveyor, Gufidhall, ———— on payment of 
a deposit of 5e. each, hich will be returned on 
receipt of a bona fide nder. in accordance with 
the Specifications, povideas such Tender is » é 
ween. and is delivered by the time stated 
below. 

Patterns and rte | be ifispected at the 
Rastcroft Depot, Lon Nottingham. 

The Committee will not consider any Ten® 
ee on the authorised Form of Tender, which 

be delivered t» the umdersigned. in the 
oficial envelope ed, on or Retre Thureds», 
December ith, -— 

‘ The lowest or an ny Tender will m : rive accepted 
be accepted, and Tenders w only sece 
oa z ~Ag$ conform to ee es 


local standard rate of 
eta, sad tote the pot rules of the Nottinghs 
District applicable to wag various trades. 


W. J. BOARD, Town Cle:. 
1922. W 802 
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A MECHANICAL MODEL ILLUSTRATING 
THE BEHAVIOUR OF METALS 
UNDER STATIC AND ALTERNATING 
LOADS. 

By Professor C. F. JENKIN. 

In the Philosophical Magazine for September 
Mr. S. Lees describes a model to illustrate the 
behaviour of metal under mechanical stresses, the 
fundamental property of the model being that it 
is elastic up to a certain load, and beyond that 
yields partially by solid friction. This model is 
similar to one which the writer showed and described 
to a sub-committee of the Aeronautical Research 
Committee last June, which is based on the same 
fundamental property ; its construction is shown 
in Fig. 1. It consists of three or more similar units ; 


Fig./. 
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(7554. A) 


each unit is built up of one fixed wooden block A 
and two sliding wooden blocks B and C mounted 
on a steel rod fixed in A; B and C are connected 
by a spring. The sliding block B slips freely on 
the rod, but the block C grips it fairly tightly, the 
grip being adjustable. The complete model is 
made up of a number of these units clamped together 
side by side—three being the minimum number. 
If moderate tensile or compressive forces are applied 
to the model it stretches or compresses elastically, 
but as soon as the force on any block C exceeds the 
frictional force on its rod that block begins to slip. 
If the force is further increased the next unit begins 
to slip, and so on. 

This extremely simple model is found to be 
capable of illustrating most of the phenomena which 
metals exhibit when tested in any way under 
mechanical stresses not exceeding their yield points. 
The actual form of the model is of no importance ; 
it can be made in many ways, so long as it fulfils 
two (and only two) requirements, viz., (1) the units 
are to be elastic up to a point and then slip fric- 
tionally ; (2) all the units must not start slipping 
at the same extension of the model. The latter 
condition may be conveniently attained in either 
of two ways, by varying the tightness of the friction 
grips or by using springs of different strengths. 

Each unit in this model represents a single 
crystal in the metal. The frictional slip represents 
the failure of the crystal along a slip plane. The 
crystals will fail at various extensions of the metal 
because they are oriented in different directions ; 
those whose slip planes are at 45 deg. to the stress 
will slip first. Thus the known properties of the 
metal correspond with the only two requirements 
of the model. 

Mr. Lees’ model differs from the writer’s mainly 
in that’he has attempted to make a single unit, 
instead of a group of units, behave as the metal 
does, and in order to do this has had to make a 
modification in his model by introducing what 
may be described as a cam, which can hardly 
represent any reality in the metal. The writer's 
model is essentially built up of many units, the more 
there are the more closely it will reproduce the 














behaviour of the metal test pieces. The funda- 
mental principle, however, of the two models is the 
same. 

To make the writer’s model represent different 
metals or different conditions of the same metal it 
is only necessary to vary the frictional grips in the 
different units and to adjust the units so that some 
of the springs are initially under tension and some 
under compression; the whole model will adjust 
itself so that the tensile forces balance the com- 
pression forces. By making suitable adjustments 
the model can be set for carrying out any of the 
following tests :— 

(1) Tensile test.—It will give all the three typical 
load-extension diagrams shown in Fig. 2, viz., (a) 
for tempered steel, in which the limit of propor- 
tionality is above the fatigue limit; (6) for soft 





Fig.2. 
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Copper. 
Unit 1 Extended lich. 
” 3 Compressed % : 
(seq) i. * 2 Neutral 

iron, with a strongly-marked drop at the yield 
point ; (c) for very hard steel or copper, in which 
the limit of proportionality is very low (or zero) 
and much below the fatigue limit. The load-exten- 
sion curve given by a model of three units only is 
shown in Fig. 3. The spring in unit No. 1 is 
extended } in., in unit No. 3 compressed 4 in., and 
in unit No. 2 is neutral. The grips in Nos. 1 and 3 
are equal and in No. 2 is twice as great. Adjusted 
in this way the model represents very hard steel or 
copper. It will give the hysteresis loops for any 
of these metals of the typical shapes shown by 
Bairstow (Phil. Trans. R.S., A Vol., 210, p. 38), 
with a curved rising line and straight falling line. 
Fig. 3 shows a hysteresis loop given by the model 
adjusted as stated above. By increasing the 
number of units these angular figures may be rounded 
off to any extent. 

(2) Fatigue tests.—(a) When tested under alter- 
nating tensile and compressive forces the model 
will give a complete series of fatigue ranges. The 
usual way of plotting these is to plot the fatigue 
range against the lower stress. It is commonly 
stated in textbooks that the resulting curve is a 
parabola (Gerber’s parabola). The model will not 
give a parabola, but gives two straight lines, 
Bairstow has shown that these two lines are the 
true curve (loc. cit.); (b) it will account for the 








remarkable short bursts of heat which occur at 
each increase of load in fatigue tests on some metals, 
notably in nickel, and also the fact that these bursts 
do not recur when the test is repeated on the same 
test piece; (c) it will explain the way in which 
reversals of stress make copper elastic ; (d) it will 
account for the change in Young’s Modulus which 
occurs shortly before fatigue samples finally break. 

The load-extension curve for metals rises con- 
siderably after passing the yield point. To make 
the model show this rise, some of the units would 
have to be made elastic for very large extensions 
(of the order of 10 per cent. to 50 per cent.). It is 
impossible to suppose that any of the crystals are 
80 elastic, but it is conceivable (on the amorphous 
theory) that the amorphous envelopes round the 
crystals should act in this way. An alternative 
explanation is that the friction increases as the 
crystals slip—the model could be made to illustrate 
this, but it would introduce a third requirement 
which does not correspond with any ascertained 
property of the crystals. The true explanation 
(the writer believes) is that the rise is due to the 
mutual interference between the crystals which 
must occur as soon as the metal begins to distort 
beyond the elastic range. This explanation does 
not exclude the possibility that part of the rise 
may be due to the amorphous envelopes and part 
due to changes in friction, but it shows that it is 
useless to try to modify the model, for the very 
complex interferences which must occur between 
neighbouring crystals could not be shown in any 
real way by a model. 

Whether the model is a true representation of 
what occurs in metals can be checked in a number 
of ways. Several of these checks have already 
been applied with satisfactory results. One check 
has already been referred to; the model gives 
straight lines instead of Gerber’s parabola. In 
the fatigue tests on nickel and some steels which 
exhibit heat bursts, the model shows that no heat 
bursts can occur below the limit of proportionality ; 
this has been confirmed experimentally for nickel 
and is being checked for steel. The model shows 
that in Gough’s tests on copper the range of elas- 
ticity conferred on the copper should be the same 
as the range of alternating stress applied (up to 
the limit of proportionality). This test has been 
made and confirms the prophesied result. Check 
tests on other points are now in hand at the National 
Physical Laboratory. So far as the writer is aware, 
the behaviour of the model does not conflict with 
any known property of metals. A full account of 
the model will be published when the tests now in 
hand have been completed. 





THE MOSSEND STEEL WORKS AND 
ROLLING MILLS. 
(Continued from page 545.) 

THE casting bay which adjoins the melting shop 
has the same length as the latter, viz., 1,200 ft., 
with a width between the centres of the roof 
columns of 64 ft. 2 in. In it, the ladles, which have 
a total weight when filled with molten steel of 
70 to 80 tons, are handled by four overhead travel- 
ling cranes designed for a maximum working load 
of 100 tons. One of these cranes, which were con- 
structed by Sir William Arrol and Co., Limited, 
of Parkhead, Glasgow, is shown in the view of the 
casting bay given in Fig. 22, on page 618. It 
should be explained, however, that the photograph 
from which this illustration was reproduced was 
taken during the war period when the ingots 
were cast in moulds on the floor, whereas the 
ingots now employed in the production of rolled 
sections are cast on cars by a process which will 
be dealt with later. Drawings of one of the cranes 
are reproduced in Figs. 17, 18 and 19, on page 604, 
and one is also shown in the transverse section of 
the works, Fig. 11, on Plate XXXVI, published 
with our issue of November 3 last. 

As will be seen from these illustrations, the cranes 
are of the two-crab type, the auxiliary crab, which 
has a lifting power of 15 tons, being used for tilting 
the ladle for the removal of slag; the steel is, of 
course, poured into the ingots through a stoppered 
nozzle in the bottom of the ladle. The main girders 
are of the lattice type with a span of 60 ft. between 
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100-TON LADLE 


CRANE AT THE MOSSEND STEEL WORKS. 





CONSTRUCTED BY SIR WILLIAM ARROL AND CO., LIMITED, ENGINEERS, GLASGOW. 





43:3 to Floor Level -----~- 








the rail centres, and the main crab runs on a double 
set of rails on the top flanges of the girders, while the 
auxiliary crab runs on single rails on the bottom 
flanges; the arrangement is best shown in the 
transverse section, Fig. 19, annexed. An in- 
dependent auxiliary lattice girder carried on one 
side of the main girders is used to support the plat- 
form, travelling motor and gearing. The end 
carriages, which are built up of rolled steel sections 
and plates, each run cn four double-flanged steel- 
tyred wheels with cast steel centres, the wheels 
being mounted in pairs on compensating beams in 
‘order to equalise the distribution of the load. 
Two of the wheels at each end of the crane are 
fitted with spur rims and are driven by an 80-h.p. 
motor through three reductions of machine-cut 
spur gearing. The travelling speed with full load 
is 180 ft. per minute. 

The main crab is mountec' on eight single-flanged 
cast steel wheels, of which two on each side are 
fitted with spur rims and are driven by a 30-h.p. 
motor through worm and spur reduction gearing to 
give the cross-traverse motion; the speed of 
traverse is 75 ft. per minute. The load is lifted 
on 16 parts of steel wire rope, winding two parts on 
to each of two cast-iron drums driven by an 80-h.p. 
motor, as will be clear from an inspection of the 
drawings annexed. Two sets of gearing are pro- 
vided to give lifting speeds of 7 ft. per minute 
with a load of 100 tons and 14 ft. per minute with 
a load of 50 tons. Change of gear is effected by 





means of a claw clutch,.and a hand brake 
is provided for use when changing gear; in 
normal working the load is controlled by 
means of an automatic electric brake fitted 
on the motor shaft and by two automatic 
mechanical brakes. The auxiliary hoisting 
speed is 20 ft. per minute and the traver- 
sing speed 120 ft. per minute, the two 
motions being operated by separate motors 
of 30 h.p. and 10 h.p., respectively. The 
controllers for the main hoisting and travel- 
ling motors are of the contactor type 
operated by master controllers, and those 
for the remaining motors are of the drum- 
reversing type. All are situated in the 
operator’s cage, which is suspended from 
one end of the auxiliary girder, as shown 
in Figs. 17 and 18. Electric power is sup- 
plied at 220 volts direct current, and is 
collected from trolley wires, as shown in 
the left of Fig. 17. 





mounted on each car, and a train of cars is pushed 
The process of casting on cars adopted at Mossend | by a steam locomotive to one of the pouring points, 


is certainly the most convenient method of dealing | of which there are three in all. 
with a large tonnage production. It has the} 
advantage of keeping the casting shop clear of 
moulds and ingots, and thereby cooler and cleaner 
than would otherwise be the case, and furthermore, 
it enables the ingots to be rapidly transferred to the 
soaking pits so that the minimum loss of heat 
takes place. Fig. 20, on page 605, illustrates the 
process in operation. Four ingot moulds are 


At these points, 
platforms are provided at the same level as the 
tops of the moulds, so that the men in charge of the 
|pouring operation can see into the moulds. A 
ladle of molten steel is brought over the train of 
cars by the ladle crane described above, and the 
moulds are filled one after the other. The capacity 
of each mould, it should be mentioned, is 3 tons. 
When the moulds have been filled, the train of 
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a small horizontal hydraulic ram and the mould 
deposited on to the empty car on the other track as 
previously explained. To move up the car carrying 
the filled moulds so that the next mould can be 
removed, a double-acting ram, which can be seen 
in Fig. 21, is provided. A crosshead on this ram 
can be turned by hand gearing, so that the end of 
the crosshead comes between a pair of lugs on the 
car frame. 
(To be continued.) 





SCREW VISCOSITY PUMPS. 

Tue working of the Gaede vacuum pump used for 
exhausting X-ray bulbs and the like, depends upon 
the viscosity of the fluid acted on. That viscous 
drag is equally effective in generating very high 
hydraulic pressures was demonstrated at the 
conversazione of the Institution of Civil Engineers in 
1920, when Sir John Dewrance exhibited a 
‘* viscosity ” pump with which pressures of 1,000 Ib. 
per square inch and upwards could be maintained. 
A diagrammatic sketch of such a pump is repre- 
sented in Fig. 1. The device consists essentially of a 
spindle threaded with right and left-handed screws 
working within a closely-fitting sleeve. On rotating 
the screw in the proper direction the oil in the grooves 
is forced forward by the viscous drag on it and 
delivered from the discharge port at a pressure 
which may be extremely high. In fact, if the 
sleeve were water-jacketted so as to keep down the 
temperature of the oil and thus maintain its viscosity 
there would seem to be no limit to the pressure 
attainable. In view of the remarkable results 
already obtained a discussion of the theory of the 
device may be of interest, and this may perhaps 
afford suggestions as to the best proportions of the 
constituent elements of the pump. A certain 
amount of leakage takes place by axial flow through 
the clearance between the sleeve and the crests of 
the screw threads. The amount of this can be 
calculated by known formulas and can be allowed 
for by proportionately increasing the speed of 
rotation. We may accordingly, in the first instance, 
neglect this leakage, and we thus arrive at the 
formulas for the discharge given below. In all 
problems in which viscosity is concerned it is con- 
venient to work in C.G.S. units, the results being 
translated into ordinary engineering units only as 
a final step in the calculation. 

For the case in which the groove is of square form, 
V the volume discharged measured in cubic centi- 
metres per second, is given by the formula 


V = be (0 -2482 U — 0-03516 7) , (1) 
es 

where b denotes the width of the channel in centi- 
metres, U the relative surface velocity of the sleeve 
and the spindle expressed in centimetres per second, 
whilst } denotes the viscosity of the fluid in C.G.S. 
units, P the final pressure attained measured in 
dynes per square centimetre and / the total length 
of the helical groove. 

When the depth d of the groove is half the width b 
the formula becomes : 

V=0be (0. 1800 U — 0-0070 - 7) . (2) 


whilst when 
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we have 
: bP 
Vv =2e [ o-ossze U — 0-0001502 =, | (3) 


The general formula for any ratio of d to b is: 
f sinh 7 d 
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where the summations include only odd values. of 
n. 

It will be noticed that in all cases the discharge 
does not vary in direct proportion to the cross- 
section of the groove, but depends on its absolute 
magnitude being relatively smaller the larger the 
dimensions. 





The pressure is highest when the discharge is 

zero. For a square groove this occurs when 
YF 7-060 
A ot 

With a groove of which the width is half the depth, 
the maximum pressure is reached in the absence 
of leakage when 

2 Pp 
=n ome =m $5°73:0, 
a 
and when the depth is one-eighth the breadth, the 
maximum pressure is given by 
= 3 P — 387-9 U. 

It will be noticed how very rapidly the pressure 
rises with a decrease in the depth of the groove. 
A method of correcting for leakage is explained 
later on. 

In the foregoing, as already stated, 6 and I 
are measured in centimetres and P in dynes per 
square centimetre. One million dynes per square 
metre is the meteorologist standard atmosphere of 
one “ bar,” which is equal to 14-50 lb. per square 
in. In the absence of leakage the useful work done 
will be a maximum when the discharge pressure 
is one-half its maximum value. 























Wh ZK 
=) 


YWllébtwtbttttttr 
bs 


LN: 


aA 
ZI) aaa 


VY 








If the groove be a semicircle the equation for the 
volume discharged per second is : 


v=pfo-o.ssu—o-oss@?P\ . . 
an a eB, (5) 


and the maximum pressure is given by 
pe P — 10-96 U 
Al 

In the above p denotes the radius of the semi- 
vircular groove. The work done against friction 
will be more or less proportional to the width of 
the groove, so that the semicircular form would 
seem to have an advantage when the main aim is 
the attainment of a high pressure. 

The above formulas need correction for leakage 
taking place axially through the clearance between 
the sleeve and the screw. If a plug and a sleeve be 
concentric with each other, and the axial length 
is a cm., then the leakage through the clearance 
space as measured in cubic centimetres per second 
is 

P 
“@ 


wdc 

12A 
where d is the diameter of the plug and c the 
clearance, both being expressed in centimetres. 
If the plug and sleeve are not concentric the leakage 
is greater, and if the two came into actual contact 
it would be 2} times as much as given by the above 
formula. Such an actual contact is, however, 
impossible when there is relative rotation between 
the sleeve and the plug, as the theory of lubrication 
shows that it would imply that at one point of the 
clearance space an infinite pressure was attained. 
The value of a in equation (6) should be one-half 
the axial length of one of the two screws. Since, 
however, the spindle and bush will never be quite 
concentric the leakage loss will be larger than thus 
calculated. This additional loss may be allowed 
for by taking the value of @ as say, one-third the 
axial length of the screw instead of one-half. For 
a given value of P the leakage must be calculated 
by this equation, and then the value of U increased 
in equations (1), (2), (3) or (5), so as to give a 
calculated flow in excess of the discharge desired 
by the amount of this leakage. 


V= 


(6) 





From the theoretical aspect the screw pump of the 
type under consideration is equivalent to a groove 
such as is represented in Fig. 2, filled witn oil and 
covered by a plate which is maintained in steady 
motion with a velocity U in a direction. perpen- 
dicular to the plane of the paper. This plate drags 
forward with it the oil owing to the viscosity of 
the latter, and the formulas (1), (2), (3) and (5) 
given above can be established by integrating the 
equations of flow for a viscous incompressible fluid. 
A method of establishing these equations from first 
principles was described in full detail in our issue 
of July 30, 1915, page 101 et seg. We need therefore 
only quote them here, viz. : 
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Here P denotes the pressure at any point of the 
fluid (measured in dynes per square centimetre), 
u represents the velocity of flow in the direction 
of x, v the velocity in the direction of y, and w the 
+ velocity in the direction of z. 

We shall take the axis of x as perpendicular to 
the plane of the paper (Fig. 2), whilst the axis of 
is perpendicular to the moving plate and the axis 
of z is parallel to the width of the channel. 

Then, obviously, as the motion of the fluid is non- 
turbulent, there is no transverse flow, and hence 
v =w=0, so that the equations reduce simply 
to 

oP 2 
+e 
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Here c is the pressure gradient along the 


channel and is constant and equal to 4 » where P 
denotes the total pressure difference and / the total 
length of the helix. Moreover, u does not vary 


with x, so that 


92 a2 
func * iB: 
~ oy o2 
We have, therefore, to solve the equation 
a Pe eS (7) 
dy dz - es poseegel 


subject to the conditions that u, which represents 
the velocity of the fluid, is zero at the sides of 
the channel, i.e., both when z = o and when 
z=b. It is also zero when y = d, and is equal 
to U when y = 0, where d is the depth of the channel. 
The first of these two sets of conditions will be 
satisfied if we assume that wu can be expressed in the 
form 

a NTZy 
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We shall now 
If it does our 


where Y, is some function of y only: 
try if this assumption will work. 
problem is solved. 

Making this substitution in equation (7), we get 
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By a well-known formula we have 
sein 7S + 5 sin STF + = 5mz &e. 


Hence the right-hand side of equation (8) can be 
put in the form 

2. 2 

7--o 


where the summation includes only odd values of ”. 
If we adopt odd values of n only on the left-hand 
side of (8) we can write it in the form 


n= @ 
4 ] in 
Tn=) % 
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This will obviously be satisfied if, in each case 
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By the theory of differential equations we know 
that the complete solution of this equation consists 
of two parts, viz., any solution whatever of (9) plus 
any two independent solutions of the equation 

ay, 
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Obviously one solution of (9) is 
tye Ad 
mws 2X l 


whilst two independent solutions of (10) are 





Y, = A, ecsh ™ <2; and ¥,, = nsinh ~~ 





where A, and By, are constants, which must be 
determined so as to make u = o when y = 0, and 





u =U when y =d. 
Hence the complete solution of (9) is 
: i) P 
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Only odd «values of » are to be included in the 
summation. 
Now wu = U when y = 0; hence 
a 2 zf 4be PP) 
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And making the same substitution as before we 
have 
owl’, 2 ete 
Tn=-1" 
Comparing corresponding terms we find that 
a, = 40.440 2 
ne we" Xt 
Also when y = d, we must have u =0. Whence 
avd .p. sinh.” = ¢ _ aF 2 
nimd XI 
Substituting for A, the value already found, 
we get 
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The summation includes odd values of n only. 
The value thus found for w satisfies the differential 
equation from which we started and also the given 
boundary conditions ; giving zero value for u at the 
sides of the stationary channel and wu = U when 
y= 0. 

If V denote the total flow in cubic centimetres per 
second, we have 


d fb 
Vi = udydz, 
0 JO 


On effecting the integrations and simplifying the 
result we get the value for V given in equation (4) 
b2 i : , 
ante. The term ai’ T in that equation is ob- 
tained from the known formula 


ws 1 1 I 
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In the case of the semicircular channel we have, 
as before, the differential equation 


si: 
Al 
If we express u in polar co-ordinates r and 6 
1 d y au <* 1 d&u 
r dr dr re” dye © 
In this case it is convenient to assume that the 
channel is moving with velocity U and that the 


plate is fixed. We therefore assume that u can be 
expressed as 


= v2u. 


where R is a function of n only. Then by a very 
similar course of analysis to that set out in detail 
above we get 
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where the summation includes odd values of n only. 
This formula makes u = o when 6 = 0 or mw and u 
equal to U when r = p, where p denotes the radius 
of the semicircle. The discharge in cubic centimetres 
per second is given by 


rr r 
v=( [ urd@dr 


v0 ~0 


This leads to formula (5) ante. In the foregoing 
we have taken U as equal to the relative surface 
velocity of the screw and the sleeve. Strictly 
speaking it should be the component of this velocity 
parallel to the channel, but with any ordinary pitch 
of helix the distinction is without significance. 


HYDRO -ELECTRIC POWER DEVELOP- 
MENT IN CANADA. 


In her almost unlimited water-power resources 
Canada possesses an asset which, in conjunction 
with her mineral wealth, assures an industrial future 
of almost boundless possibilities. As in Great 
Britain the economic and social evolution of the 
nation has been influenced by the possession of large 
supplies of easily accessible coal, so in Canada will 
the industrial and domestic life of the people be 
influenced by the presence of inexhaustible and 
easily developed water-power. Fortunately the 
Canadian authorities are fully alive to the importance 
of cheap power for industrial and domestic purposes, 
and have adopted a policy which is characterised 
by a high degree of thoroughness and foresight. 
The control of all matters in relation to the develop- 
ment of water-power is vested in the Water Power 
Branch of the Department of the Interior, the 
functions of this body being both administrative and 
investigatory and embracing a wide range of 
activity. That the policy of the Water Power 
Branch is dominated by progressive ideas is amply 
demonstrated by the progress which has been made 
in the utilisation of water-power during the past 
decade, and by the low rates at which such power is 
delivered to the consumer. The latter consideration 
has resulted on the one hand in the rapid industrial 
expansion of those districts in which hydro-electric 


|| power is available, and on the other in the employ- 
'|ment of current for domestic purposes on a scale 


that is hardly dreamt of in this country. Electric 
cookers and radiators, irons, vacuum cleaners, 
and other similar appliances are now looked upon 
as essential household utensils in many parts of 
Canada ; farm and dairy machinery is operated by 
hydro-electric power, and in the factories a switch 
and a series of motors take the place of the small 
steam generating plants or oil and gas engines 
common in this country. The British manufac- 
turer who is generating his own power and whose 
operations may be held up at any moment by the 
lack of fuel consequent on a strike of miners or 
transport workers, will readily appreciate the 
advantages of a clean, reliable and constantly 
available supply of energy at an average delivered 
cost of something under 61. per continuous horse- 
power per year. 

Some idea of the value of Canada’s water-power 
resources can be gathered from the figures recently 
published by the Water Power Branch of the 
Department of the Interior. These figures are the 
result of many years of careful observation and 
exhaustive research, and they may be regarded as 
the first comprehensive estimate of the potential 
water-powers of the Dominion. Previous estimates 
made by various authorities have been in the nature 
of more or less vague approximations, and have 
placed the total power available for development 
purposes at from 8,000,000 h.p. up to as much as 
20,000,000 h.p. From the data which is now 
available, however, it is known that power consider- 
ably in excess of the latter figure is available for 
exploitation on a perfectly sound commercial basis. 

Two distinct estimates of the water-power avail- 
able in the Dominion have been made, one of which 
is based on the ordinary minimum flow of the 
various waterways concerned, and the other on the 





estimated flow for maximum development. Neither 
estimate takes into account the falls and rapids in 
the more remote districts which have not yet been 
accurately surveyed, nor has any consideration 
been given, except in certain well-recorded instances, 
to the power concentrations which are feasible on 
rivers and streams of gradual gradient where 
economic heads could be created by the construction 
of dams. Both estimates are therefore conserva- 
tive, and represent the minimum water-power 
possibilities of the Dominion. 

The estimated power at ordinary minimum flow 
has been calculated on a basis of 24-hour power at 
80 per cent. efficiency on the averages of the mini- 
mum flow for the lowest two consecutive seven- 
day periods in each year. This estimate may, 
therefore, be regarded as the minimum power 
continually available without resorting to storage 
or auxiliary plants. The estimated flow for maxi- 
mum development has also been calculated on a 
basis of 24-hour power at 80 per cent. efficiency, 
but in this case the average flow for six months in 
the year has been taken. This average has been 
determined by arranging the months of each year 
during the period over which the observations 
extend in the order of the lowest daily flow recorded 
in each month, the lowest of the six high months 
being taken as the basic month. The average flow 
of the lowest consecutive seven days in this month 
determines the maximum flow available for power 
for that year, and the average of the maxima thus 
ascertained for all the years of the observation 
period gives the estimated maximum used in the 
calculations. It will thus be seen that this estimate 
will be in excess of the power continually available 
under natural conditions, although it will be less 
than the average power available throughout the 
year. It is, in effect, an estimate of the power 
actually available for the generation of current on 
a commercial basis assuming that it is good practice 
to instal turbines up to a capacity which can be 
assured during six months in the year and to put in 
auxiliary plant to make up the deficiency of power 
during the other six months, when the flow is in- 
sufficient to operate the turbines at full capacity. 

At ordinary minimum flow the estimated horse- 
power available from the rivers and streams of the 
Dominion which have so far been subjected to ob- 
servation is 18,255,000. The horse-power available 
for maximum development at the estimated flow 
which can be depended upon for six months in the 
year, and which is therefore capable of exploitation 
on a sound commercial basis, is nearly 32,100,000. 
That is to say the observed water-power resources 
of Canada are capable of operating a total turbine 
installation having an output of 32,100,000 b.h.p., 
and of running such installation at full capacity 
for six months in the year. If we assume that 
during the other six months the average flow is 
the mean of the flow during the six months of 
maximum run-off and the ordinary minimum flow 
it will be found that the average water horse-power 
available during the six months of minimum run-off 
is about 25,177,500, and that the average water 
horse-power available throughout the year is rather 
over 28,638,000. It will also be clear that to 
maintain a continuous output of 32,100,000 h.p. 
throughout the year the average output of the 
auxiliary plant during the six months of minimum 
flow will be the difference between the installed 
turbine capacity of 32,100,000 h.p. and the average 
water horse-power available during this period, 
viz., 25,177,500 h.p. or 6,922,500 h.p. The total 
capacity of the auxiliary plant at maximum out- 
put would have to be of the order of 14,000,000 h.p. 
to insure that the output of 32,100,000 h.p. would 
be maintained during periods when the flow was at 
its absolute minimum. In practice it will, however, 
be found that in order to realize a continuous output 
equivalent to the maximum development at 
estimated flow during the six high months of the 
year considerably less auxiliary power than that 
given by the foregoing figures will be necessary. 
In many development schemes it will be found 
feasible to equalise the flow by resorting to artificial 
storage, and thus increase the average water-power 
available throughout the year. But even accepting 
the very conservative figures given above it will be 
seen that in her water-power resources Canada has 
an asset of the very first importance. An average 
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continuous dowdeaniaats of 28, 638, 000 h.. p. represents 
a coal equivalent based on average steam engine 
practice, of something like 250,000,000 long tons 
per annum. In other words the energy available 
in the waterways of Canada is roughly equivalent 
to that of the total coal production of the mines 
of this country. 

It can, however, hardly be assumed from the 
foregoing that the potential wealth inherent in the 
water-power resources of Canada is comparable to 
the wealth inherent in the coal mines of Britain. 
With the possible exception of the United States, 
there is no outlet for the exportation of surplus 
hydro-electric power from Canada. Hence the 
water-power of the Dominion can only be fully 
exploited when the industries of the country have 
reached a sufficient growth to absorb the whole of 
the power available. Before this point is reached 
enormous industrial expansion will be necessary, 
coupled with a great increase in population. It is 
a significant fact that during the past 17 years the 
rate of increase of the installed turbine capacity 
throughout the country has been wonderfully 
constant, and that, if the average rate during these 
years is maintained in the future it is estimated 
that the whole of the available water-power will 
have been fully utilised in less than 200 years. 
Before the possibility of an expansion on this scale 
taking place in Canada during the period in question 
is brushed aside as beyond the bounds of practical 
politics the case of the United States should be 
carefully considered. In a similar period the latter 
country has grown from the status of a sparsely 
populated and unimportant colony into a nation 
which industrially, financially and in point of 
population is one of the foremost of the world. 
As regards natural resources Canada is probably 
not less richly endowed than is the United States 
—at present her real wealth cannot be accurately 
assessed—while, as regards population, the Dominion 
is at least capable of supporting a community 
equivalent to the present population of the neigh- 
bouring nation. 

In considering the progress which has been made 
in recent years in the installation of hydro-electric 
plant the influence of world-wide conditions must 
not be lost sight of. Canada, in common with other 
countries, has suffered from the chtos of post-war 
financial conditions, and has had plenty of fiscal 
and industrial problems of her own to solve. These 
have, in the main, retarded expansion, but in spite 
of this general retardation considerable progress 
has been made in the hydro-electric power industry. 
At the outbreak of the war the total turbine instal- 
lation of the Dominion amounted to approximately 
1,900,000 h.p. By 1918 this total had been increased 
to 2,300,000 h.p., this rate of increase having been 
rather more than maintained over the past four 
years. The total developed water horse-power of 
Canada at the beginning of March of the present 
year was 2,762,880, representing an investment of 
530,000,000 dols., a coal equivalent of at least 
24,000,000 tons, and a coal value at average prices 
of approximately 164,000,000 dols., per annum. 

The total available water-power is well dis- 
tributed throughout the Dominion, although in this 
respect, as might be expected, some provinces are 
more favourably placed than others. The Province 
of Quebec has the greatest potential supply of 
power, the estimated maximum development 
dependable for six months of the year being 
11,640,052 h.p. Of this only 1,015,385 h.p. had 
‘been developed up to the spring of the present 
year, a percentage of about 8-7. Ontario is second 
as regards potential power and first as regards 
power actually develcped, the figures being 
6,808,190 h.p. and 1,212,650 h.p. respectively, 
the development in this case amounting to 17-8 
per cent. of the gross power available. In Manitoba 
out of potential power to the extent of 5,769,444 h.p. 
only 104,147 h.p. have been utilised—a bare 1-8 per 
cent. British Columbia compares very favourably 
with Manitoba as regards power available, the 
total in this case being 5,103,460 h.p., and the 
actual development 305,315, which gives a per- 
centage of about 6. Alberta and Saskatchewan 
rank fifth and sixth respectively as regards potential 
power, but in neither province has this power 
been utilised to any considerable extent. Over 
1,000,000 h.p. are available in each of these 
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provinces, and it is anticipated that this power 
will be developed on a considerable scale in the 
near future. The Yukon and North-west Terri- 
tories possess 275,250 potential horse-power at 
sites which have been surveyed and at which 
records have been made, and probably a very 
great deal more which has not yet been surveyed 
or recorded. Of this total 13,200 h.p. have been 
developed. New Brunswick and Nova Scotia are 
not too well provided in the matter of water- 
power, the potential development being 120,807 h.p. 
and 128,264 h.p. respectively, of which 30,180 h.p. 
and 46,950 h.p. have been utilised. This represents 
in the case of New Brunswick about 25 per cent., 
and in the case of Nova Scotia 36-5 per cent. of 
the power available. 

The allocation of the total developed water- 
power of the Dominion among the different industries 
affords an interesting analysis. The central station 
industry accounts for the bulk of this power. Out 
of a total development of 2,762,880 h.p. over 
2,000,000 h.p. are developed in central stations for 
sale to other industries and to private consumers. 
Of this total 160,577 h.p. are absorbed by the pulp 
and paper industry alone. In addition to this the 
pulp and paper companies generate water-power 
for their own use to the extent of 476,503 h.p., giving 
a total of 637,080 h.p. utilised by this industry alone. 
This represents about 23 per cent. of the total water- 
power at present developed in the Dominion, 
and affords an excellent criterion of the importance 
of this industry. Other industries develop for their 
own use a total of 273,806 h.p., but in addition to 
this they take a considerable amount of the power 
generated by the central stations. Of the industries 
which generate and use their own power the saw 


mills and planing mills rank second to the pulp and. 


paper industry in importance. 

A review of the new power units which have been 
placed in operation during the past two years, and 
of the new power schemes upon which work is now 
in progress or which are contemplated for the near 
future, will serve to show that activity in the 
direction of a more complete utilisation of the 
water-power resources of Canada is not lacking. 
For the purpose of this review we propose to take 
the provinces in rotation from west to east, and 
deal with each separately. 

British Columbia is particularly fortunately 
placed as regards water-power in that the majority 
of the potential power sites offer themselves readily 
for development schemes. During 1920 several 
small installations were completed, but no work on 
a large scale was carried out. Since then, however, 
the British Columbia Electric Railway Company 
has been engaged upon the installation of a fourth 
unit of 13,200 h.p. at the Stave Falls plant, which 
was acquired from the Western Power Company of 
Canada in 1920. This brings the total output of 
this plant up to 52,200 h.p. Surveys and investi- 
gatory work have been completed for a development 
at Bridge River, 130 miles from Vancouver, where 
an ultimate development of 360,000 h.p. are avail- 
able. Work is also in progress on a 6,000 h.p. plant 
at Bull River for the British Columbia and Alberta 
Power Company. 

No important developments have taken place in 
Alberta since 1920, but the future possibilities are 
large and promising. The Peace, Athabaska and 
Slave Rivers in the north possess a number of 
excellent power sites, and the apparently imminent 
mineral developments in that region will probably 
lead to early exploitation of some of these water- 
powers, for which applications have already been 
made. Investigations are being made with a view 
to increasing the storage for the Bow River develop- 
ments, and also with respect to power projects in 
the Spray Lake district. 

While no actual developments have occurred in 
Saskatchewan during the past year or two, consider- 
able progress has been made in the organisation of 
the large and important project to divert and 
elevate water from the South Saskatchewan River 
for supply to Moose Jaw, Regina and other cities 
and towns throughout the dry belt of South Sas- 
katchewan. The Reclamation Service of the 
Dominion Water Power Branch made an exhaustive 
investigation of this project in 1913, and showed that 
it might involve the ultimate diversion of 100,000,000 
gallons per day, provision of a power plant of 





12,000 h.p. to pump the whole, amount,300 ft. to 
the height of land near the river, and, for a compre- 
hensive scheme, an expenditure of about 
20,000,000 dols. 

In Manitoba considerable new development work 
has been completed since 1920. The City of Winni- 
peg municipal plant at Point du Bois on the 
Winnipeg River has been extended by the addition 
of three new units each of 6,900 h.p., bringing the 
installation up to 11 units with a total capacity 
of over 67,000 h.p. A new duplicate transmission 
line from the generating station to Winnipeg was 
also completed. Work on the new development 
at the Du Bonnet Falls, which was held up in 1919 
owing to financial conditions, has been resumed, 
and should be completed, in so far as the initial 
installation is concerned, by 1924. Two units, 
giving a total output of 56,000 h.p. will be installed 
to start with, but provision is being made for an 
ultimate capacity of 168,000 h.p. 

The progress in actual construction in the 
province of Ontario has been very marked. During 
1920 the installation of two new units, each of 
20,000 h.p. in the plant formerly owned by the 
Ontario Power Company at Niagara was completed. 
At High Falls, on the Mississippi River, a new 
development of 3,600 h.p. was put into operation, 
while another new development, located on the 
Nipigon River, to supply Port Arthur and Fort 
William, commenced to supply power from its first 
unit. This plant is designed for an initial develop- 
ment of 25,000 h.p. and an ultimate capacity of 
75,000 h.p. Important as these developments 
are, however, chief interest naturally centres on 
the new Queenston-Chippawa project, which has 
already been dealt with at some length in these 
pages, and which can, therefore, be dismissed on 
this occasion with a passing reference. Suffice it 
to say that at the end of last year the first unit of 
60,000 h.p. was put into operation, while a second 
unit of similar power is now available. 

During the past year work on the 10,000 h.p. 
development at Ranney’s Falls on the Trent River 
has been continued, while the Twin Falls plant 
of the Abitibi Power and Paper Company, having 
a capacity of 24,000 h.p., has been completed. 
Other new plants completed and put into operation 
during the past year include the 5,200 h.p. develop- 
ment of the Spanish River Pulp and Paper Com- 
pany on the Sturgeon River, and the 4,500 h.p. 
development of Canadian Cottons, Limited, at 
Cornwall. Extensions to existing plants include 
7,200 h.p. at the plant of the Great Lakes Power 
Company at Sault Ste. Marie and 4,800 h.p. at the 
Kenora municipal plant. 

In Quebec some very beneficial work has been 
carried out during the past two years by the Streams 
Commission in the direction of creating storage 
reservoirs in several of the principal watersheds. 
A number of important new installations have also 
been put into operation, the total developed power 
having been materially increased thereby. Among 
the more important of the new developments which 
have been placed in commission or which are at 
present under construction must be mentioned 
two new units of 10,800 h.p. each at the plant of 
the Cedar Rapids Manufacturing and Power Com- 
pany ; the new 42,000 h.p. unit at the No. 2 power 
station of the Shawinigan Water and Power Com- 
pany ; the new turbine equipment installed by the 
Laurentide Power Company, which has a total 
output of 42,000 h.p., and the new 3,000 h.p. 
installation of the Dominion Textile Company. 
During 1921 the new development work actually 
completed totalled 90,000 installed horse-power, 
while in addition to this there was some 42,000 h.p. 
in process of installation. A considerable pro- 
portion of the latter has since been completed and 
placed in operation. 

In New Brunswick principal interest centres on 
the construction of the new development on the 
Musquash River, whereby 11,000 h.p. will become 
available in the cities of St. John and Moncton. 
It was anticipated that this plant would commence 
delivering power during the present summer. At 
Grand Falls, on the Nepisiguit River, the Bathurst 
Lumber Company have completed an installation 
of 13,500 h.p., and several other smaller additions 
have been made to the total amount of power 
developed in the province. 
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Fig. 59. 


The only important new development which has 
recently taken place in Nova Scotia is the St. 
Margaret’s Bay plant of the Nova Scotia Power 
Commission. This installation has been designed 
for an ultimate capacity of 15,000 h.p., over 10,000 
h.p. being at present available. Investigations are 
also being made in connection with a proposed 
installation of 30,000 h.p. at Sheet Harbour. 

Although the foregoing particulars do not cover 
the whole of the new power installations which have 
been completed in Canada during the past two 
years, sufficient has perhaps been said to indicate 
that good progress is being made in spite of the 
difficulty of the times. By the close of the present 
year water-power installations to the extent of 
approximately 3,000,000 h.p. will have been com- 
pleted and put into operation, while it has been 
estimated that during the next twenty years a 
further 3,000,000 h.p. at least will be installed. 
The latter figure probably errs on the conservative 
side, and it will most likely be found that the 
industrial expansion of the Dominion will call for 
a more rapid increase in horse-power than that 
indicated. In the four years since the Armistice 
new installations to a total of about 600,000 h.p. 
have been completed, and at no time has ihe supply 
outstripped the demand except for relatively short 
periods in certain localities, and as these years have 
been years of sub-normal industrial expansion, it 
is probable that an average increase of considerably 
more than 150,000 h.p. per annum will be found 
necessary during the next decade or two. 








CARDBOARD BOX-MAKING 
MACHINERY. 
(Continued from page 579). 
Fixed-Feed Stitching Machines.—Our description 
of the details of box manufacture has now 
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reached the point when the blanks have been cut 
and grooved and the corners cut out or slotted. 
The next operation builds the blank up into a 
box. The machine required for this final making 
up will depend on the type of box being con- 
structed, and the subject may best be approached 
by considering the simplest case—that of a box 
held together with wire stitches securing flaps to 
the ends or sides. This operation involves the 
simplest form of stitching machine. The actual 
work the machine has to perform is the putting of 
a wire stitch through the flat side of the box and 
the flap and the clinching over of the ends after it 
isin place. The stitch may be placed either parallel 
to the edge of the box, as in Fig. 61, or at right 
angles to it, as in Fig. 62. The first arrangement 
is known as straight stitch and the second as cross 
stitch. There is little difference between the 
machines required for these two types of stitching. 
The straight stitcher is rather the simpler, but 
the cross stitcher is of much the same construction 
with the stitching head turned through a right 
angle. 

A power-driven straight stitching machine of 
Messrs. Vickers’ manufacture is illustrated in 
Fig. 59 annexed. This is the simplest form of 
stitching machine manufactured by the firm and 
has a fixed feed for the stitching wire. That is to 
say, for each stroke of the machine the wire is fed 
forward by a fixed amount. This arrangement is 
perfectly satisfactory for a large variety of work 
and gives a simple construction in the machine, 
but in some cases a machine in which the feed varies 
with the thickness of the material being stitched 
may be preferred. We will deal with machines of 
this class in due course, but the main features of 


the stitching process will best be described in con-’ 


junction with the somewhat simpler fixed feed 
machine. The wire stitch which has to be put 





through the flap and side of the box is of the form 





shown in Fig. 63, and, as illustrated in this figure, 
the thicker the material the less length of wire 
there will be left for clinching with a fixed feed 
machine. 

As will be seen from Fig. 59, the machine con- 
sists of a cast-iron pedestal carrying the operating 
head. A belt pulley mounted at the back of the 
pedestal supplies the power drive, which is con- 
veyed to the machine through a single revolution 
clutch controlled by a foot-pedal. The arrange- 
ment allows of the machine strokes being controlled 
exactly to suit the motions of the operator, who 
holds and mancuvres by hand the box which is 
being stitched. The box rests on the horizontal 
anvil which is clearly to be seen below the stitching 
head in Fig. 59, while the wire from which the 
stitches are formed is carried on the reel mounted 
above the stitching head. The whole of the opera- 
tions of the machine are controlled by the rocking 
cam which can be clearly seen in Fig. 59 and which 
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is oscillated by the connecting rod and crank arm 
shown. The details of the cam will be seen rather 
more clearly in the larger scale view of the head of 
a machine given in Fig. 60. The machine shown 
in this figure is actually a treadle machine without 
any power drive, but the details of the stitching 
mechanism are in every way similar to those of the 
power machine shown in Fig. 59. The only differ- 
ence in the treadle machine is that the cam is 
directly connected to the treadle by a rod so that 
when the treadle is depressed the cam is pulled 
round. A helical spring returns the cam and 
treadle to their initial positions when the foot is 
removed. The action of the cam is exactly the 
same as that which is given by the connecting rod 
and crank of the power machine. 

In describing the details of the stitching arrange- 
ments we may first refer to the feed mechanism. 
As will be seen from Fig. 59, the wire, as it is drawn 
from the reel, passes through a slot in the end of a 
guide spring which leads it to the feed mechanism. 
This spring, which is fitted with guide studs to keep 
the wire in position, maintains a suitable tension 
on the wire and prevents more being drawn off the 
reel at a time than is required. From the guide 
spring the wire enters the feeding mechanism, 
which can be seen in Figs. 59 and 60, but which 
is illustrated somewhat more clearly in Figs. 64 
and 65. In these figures the wire advances from 
the right-hand side and first passes through a non- 
return eccentric gripper. As will be seen from 
Figs. 64 and 65, the upper member of this gripper 
is an eccentric, and if the wire tends to slip back- 
wards the eccentric revolves and holds it. From 
the non-return gripper the wire passes through a 
groove in the upper surface of a feed block which 
is indicated by the letter a in Figs. 64 and 65. 
Pivoted to this block there is a rocker b which 
carries a steel grip at its front bottom edge. The 
rocker is connected to one of the cam rollers by a 
feed link c and the effect of the arrangement is that 
during the first part of the movement of the cam 
the rocker is pushed over so that the wire is gripped 
between the steel grip and the feed block. The 
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continuing movement of the cam and with it the 
feed lever then slides the feed block forward and 
carries the wire with it. The return movement 
of the cam first releases the grip and then moves 
the feed block back to its initial position. The 
block in its forward position and with the wire 
gripped is shown in Fig. 64, while in Fig. 65 the 
block is shown in its back position and with the 
wire released. 

After the feed has taken place the further move- 
ment of the cam operates the stitching mechanism. 
This is driven by the movement of the actuating 
lever which can be seen at the top of the machine 
in Fig. 60. It will be clear from the shape of the 
cam slot, as shown in that figure, that during the 
first part of the movement of the cam the actuating 
lever is not affected, since the first part of the slot 
is struck radially from the centre around which the 
cam rotates. When the rising part of the cam slot 
reaches the actuating lever roller, however, the 
lever is moved so that its front end is depressed 
and works the stitching gear. A series of sketches 
illustrating the operation of this gear and the method 
by which the wire stitch is formed through the board 
is given in Figs. 69 to 75. The wire enters the 
stitching mechanism from the feeding mechanism 
through a cutting tube which is indicated at d in 
Figs. 64 and 65. This tube is indicated by the 
same letter in Fig. 69, and the figure following it 
and the positions of this tube in Figs. 64 and 69 
will serve to indicate the relative positions of the 
feeding and stitching mechanisms in the machine. 

The operation of stitching will be clearly followed 
by tracing through the details of Figs. 69 to 75. 
The condition of affairs represented in Fig. 69 is 
that in which the wire has been fully fed forward 
through the cutting tube ready for a new stitch. 
The wire as it is fed through the front end of the 
cutting tube enters and lies in a groove formed 
in a loop bar which is indicated at f in Figs. 69 and 
70 and is illustrated separately in Fig. 67. This 
bar supports the wire during both the cutting 
and bending operations. The operation of cutting- 
off the wire is illustrated in Fig. 71, the cutting 
being performed by a knife carried at one side of 
the former. The former is indicated by the letter 
e in Figs. 69 to 71 and is illustrated independently 
in Figs. 66. It will be clear from Fig. 69 to 71 
that the first operation in the stitching process is 
the descent of this former and the consequent 
cutting off of the wire to length is shown in Fig. 71. 
It will be noted from Fig. 66 that the former has a 
central groove with smaller grooves in its two side 
walls. This main groove slides over the loop bar 
as the former continues to descend, after the 
cutting-off of the wire, with the result that the wire 
is formed to the shape shown in Fig. 72. The bent- 
over ends of the wire nest themselves in the small 
grooves of the former. 

When this state of affairs has been reached the 
stitch is still lying in the groove formed in the nose 
of the loop bar f, and in order that the stitch may be 
driven forward into the material it is necessary that 
the loop bar should be moved out of the way. 
This is performed by the descent of the driver 
which is illustrated in Fig. 68, and is indicated by 
letter g in Figs. 69 to 75. The driver operates in 
the main groove of the former, and its lower end is 
furnished with keys which slide in the small grooves 
in the former. The driver is connected and driven 
by the actuating lever of the machine and the 
former is connected to the driver by a trip latch. 
During the first part of the movement the former 
and driver move together; but when the wire has 
been formed to shape, as in Fig. 72, and the card- 
board has been gripped against the anvil of the 
machine, the latch is tripped and the driver descends 
alone. The first action of the descending driver is 
to force the loop bar f out of the way so that the 
wire stitch may be freed and it may be driven 
downward into the material. This movement 
takes place owing to the action of the tapered nose 
of the driver on the upper sloping face of the loop 
bar as illustrated in Fig. 73. The loop bar is 
spring-controlled, and after the rising of the driver 
after the completion of the stitch it moves back 
into its initial position. 

After the loop bar has been moved out of the 
way the driver continues its downward movement, 





and forces the wire stitch through the cardboard | grinding the cut-off knives and tubes. The anvil 


as shown in Fig. 74. 


Immediately after this stage | may be raised or lowered to suit the thickness to be 


the clinching mechanism comes into operation. | stitched, the range varying from zero to¥ ¥ in. 
This is situated in the anvil of the machine, and is | The actuating and clamping screws can be seen in 



































shown in Figs. 74 and 75. As will be seen there 
are a pair of rockers, the upper surfaces of which 
present a pair of inclined planes to the points of the 
stitch as they come through the cardboard. This 
tends to fold the ends of the wire inwards, and as 
the rockers gradually rise to the position shown 
in Fig. 75 while the stitch is pushed home by the 
driver, the stitch is finally clinched as shown in 
this figure. The method by which the clinching 
rockers are operated is shown in Figs. 76 and 77. 
As will be seen a plunger A carries a cross-bar at 
the top which lies in the open ends of the rockers. 
At the appropriate moment this plunger is pushed 
upward and carries the rockers with it clinching 
the stitch. At the lower end of the plunger there 
is an inclined projection which works in a slot 
cut in the end of a horizontal push bar i. As this 
bar moves forward the projection slides up the slot 
and moves the plunger upwards. The push bar is 
actuated during the last part of the motion of the 
main cam by means of the adjustable stop which 
can be seen at the right hand side of the cam in 
Fig. 60. This stop comes in contact with the end 
of the push bar which projects from the back end 
of the anvil as can be seen in the figure. On the 
completion of the stroke and when the cam begins 
to move back to its initial position, the push bar is 
returned by the helical spring which can be seen 
in the figure. 

A power-driven machine of this type has a work- 
ing speed of from 180 to 200 stitches per minute. 
Assuming 12 stitches per box, or eight stitches per 
lid, this gives an output of some 720 blanks an hour. 
The machine is a convenient one to operate, and the 
mechanism is well out of the way so that the atten- 
dant can get easily round the job. The actual 
descending part of the machine is small, consisting 
of the former and driver only. This construction 
compares very favourably from the operating point 
of view with one in which the whole head of the 
machine descends. The whole of the working 
parts are light, the cam is balanced and all working 
surfaces are hardened. Provision is made for re- 



























































Fig. 60. The machines are built of various sizes and 
to deal with various gauges of round and flat wire. 


(To be continued). 





CERIUM As A STEEL ALLoY.—The study of cerium as an 
alloying element in steel, conducted at the Ithaca, N.Y., 
field station of the United States Bureau of Mines, in 
co-operation with the Welsbach company, has been 
finished. The attempt to utilise the cerium group of 
metals, made from by-products of the gas - mantle 
industry, in alloys other than the pyrophoric alloys, 
gave only negative results. In aluminium alloys, the 
cerium group of metals had no useful effect either as 
alloying materials or as scavengers. In steel, the de- 
sulphurisation effected by the cerium metals was accom- 
panied by the retention in the steel of inclusions due to 
the cerium metals. The harmful effect of the inclusions 
overbalanced any good effect due to desulphurisation or 
to the presence of cerium metals as alloying elements. 
Either plain carbon steel, or various alloy steels to which 
cerium was added were not improved ; usually, especially 
when heat-treated, they were decidedly poorer than 
similar steels without cerium. Collected data showed 
cerium to have no marked effect as a true alloying 
element in steel, and to be harmful rather than helpful 
when used as a scavenger. The conclusion drawn was 
that, under any condition tried, the cerium group of 
metals was not useful either in steel or in aluminium, 
and such data as were available indicated that it would 
not be useful in other non-ferrous alloys. 





SyntHetic Cast-IRon.—As is well known, pig-iron 
is not produced on the Pacific Coast at the present time 
in sufficient quantities to meet the demand for iron of 
such grades as are required for foundry purposes. As a 
result, foundry iron is costly, due to high freight rates 
on eastern iron that is brought in and to the high cost 
of coke suitable for use in the cupola. On the other hand, 
considerable steel scrap is to be had, and, for that reason, 
attention has been recently given by the members of 
the Electrometallurgical Section of the North-west 
Station of the United States Bureau of Mines at Seattle, 
to the problem of determining the best conditions for the 
production of cast-iron by melting scrap steel in the 
electric furnace. These conditions were established by 
numerous experiments conducted in a laboratory furnace 
holding 300 lb. of metal. Later on these conditions were 
applied in a local foundry with excellent results. Low- 
grade miscellaneous steel scrap was melted and car- 
burised in a 3,000-Ib. direct-arc, three-phase electric 
furnace, and the resultant metal discharged into the 

ouring ladle and then into the moulds for the miscel- 
Canoes y iron castings which made up the normal 
output of the foundry. The carbon and silicon content 
of the product was under control at all times, and the 
furnace operator had no difficulty in producing the grade 
of iron ired. Satisfactory castings were made with 
the normal consumption of power and electrodes. 
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3,000-I.LH.P, SINGLE-SCREW MOTOR SHIP 
“ EKNAREN.” 
(Concluded from page 582.) 

FoLLow1nc our description of the motor-ship 
Eknaren we will now turn to the fuller consideration 
of the propelling machinery with which she is fitted. 
This, as we mentioned in our earlier article, is a 
four-cylinder Doxford oil engine developing 3,000 
1.H.P. at 77 r.p.m. When in the year 1905 Messrs. 
Doxford turned their attention to using the internal- 
combustion engine for marine purposes, they first 
experimented with a gas engine and producer plant, 
but eventually decided that the objections to a 
producer plant using bituminous coal on shipboard 
were too great for commercial success. They there- 
fore decided, in 1911, to develop a marine oil engine, 
realising that there would be a considerable field 
for comparatively slow-speed engines, retaining as 
far’as possible the mechanical simplicity and the 
ease of manipulation to which marine engineers 
were accustomed, but possessing all the advantages 
of economy of fuel and reduction of space and Jabour 
which are characteristic of the oil engine. Such 
engines would be specially suitable for the slow- 
speed ocean freighter, and they would also be avail- 
able for the conversion of existing steamers into 
oil-driven vessels, as they would resemble very 
closely in speed and power the engines they would 
replace. 

After very exhaustive consideration of the re- 
quirements of the case Messrs. Doxford decided 
on an engine working on the two-cycle principle 
with “solid injection” of the fuel. The two-cycle 
principle, with a power stroke for every revolution 
of each crank permitted both smaller cylinders and 
a lighter crankshaft than a four-cycle engine of the 
same power would require, while the mechanical 
injection of the fuel rendered the use of very high- 
pressure blast air unnecessary. The most unusual 
and striking feature of the Doxford engine is, 
however, its mechanical design. The cylinder 
covers which have been the cause of considerable 
trouble with certain types of oil engine, have been 
done away with altogether. Combustion takes place 
between two opposed pistons working in a cylinder 
open at both ends. The lower piston drives the 
crankshaft by means of a crosshead and connecting 
rod in the usual way. The upper piston carries a 
transverse yoke of cast-steel, from the ends of which 
side rods extend downwards -past the cylinder and 
terminate each in its own crosshead. From these 
latter crossheads connecting rods descend to their 
respective crank pins, so that there are altogether 
three cranks to each cylinder line. 

The general arrangement of the engine will be 
rendered elear by reference to Figs. 16 to 19, on 
Plate XX XVIII, which show various views of the 
3,000-i.h.p. standard Doxford marine engine as in- 
stalied in the Eknaren and other vessels. The engine 
is of the four-cylinder type, each cylinder having 
two working pistons, each 580 mm. (22-75 in.) by 
1,160 mm. (45-25 in.) stroke, working on the two- 
stroke cycle. The cylinder liner is of cast iron, 
machined all over, both inside and out, and having 
all ports cut from the solid. The bars between the 
exhaust ports are all drilled through so that the 
cooling water may circulate freely through them. 
Each liner is fitted with a non-return air-starting 
valve, a relief valve, two fuel-injection valves and 
an indicator connection. These valves are placed 
radially in the cylinder walls in the centre of the 
length of the liner. The fuel valves are situated at 
opposite ends of a transverse diameter, one above 
the other so that the sprays of injected oil do not 
interfere with each other. The arrangement will 
be clear from Fig. 17. Combustion takes place 
between the two piston heads, both of which are 
made of steel and work at a temperature sufficiently 
high to ensure the complete combustion of the 
heaviest oils. The heat of the heads, moreover, 
certainly assists the ignition of the charge, but that 
it is not necessary for this purpose is proved by 
the fact that the engine can be started when cold. 

Centrally between the cylinders is a scavenging 
air pump driven directly from the crankshaft. The 
diameter of the pump is 1,580 mm. (62-75 in.) and 
its stroke is 1,040 mm, (41 in.), giving a displacement 
of air 30 per cent. in excess of the displacement 





volume of the four main cylinders. The piston is 
hollow and carries a tubular extension admitting 
air to its interior, whence it passes into the pump 
cylinder by means of brass disc valves. The 
cylinder is: discharged through delivery valves of 
similar construction, fitted on the top and bottom 
covers. From the delivery valves the air passes 
into the entablature of the engine which constitutes 
a continuous receiver communicating with. all the 
cylinders by means of a ring of ports in the lower 
end of each cylinder. At the end of every outward, 
or power stroke of the pistons the top piston un- 
covers the ring of exhaust ports in the upper end 
of the cylinder. The burnt gases at once escape 
and reduce the pressure within the cylinder to that 
of the atmosphere. Practically at the same moment 
the bottom piston uncovers the scavenging ports 
already mentioned, and a blast of clean cold air 
sweeps through the cylinder from~end to end. 
The pistons are shown in the scavenging position 
in Fig. 17. Efficient scavenging is one of the secrets 
of success of all two-cycle engines, for it is essential 
to get completely rid of the burnt gases after every 
working stroke if the power of the engine is to be 
maintained. The washing out of the cylinder and 
the exhaust ports with cold air immediately after 
they have been subjected to the temperature of the 
hot gases also has a beneficial effect on the cooling 
of the working surfaces. In the Doxford: engine 
the scavenging arrangements are ideal, as air is 
admitted and discharged round the whole circum- 
ference of the cylinder walls, and passes in a straight 
line right through the cylinder. There are no 
corners where waste gases can be trapped, and every 
trace of the products of combustion is removed. 

Solid injection of the fuel is adopted in preference 
to injection by means of an air blast, as any advan- 
tage that may be claimed for the latter is in Messrs. 
Doxford’s opinion more than neutralised by the 
greater simplicity of the solid injection principle. 
The latter does away with an extra high-pressure 
multi-stage air compressor, the elimination of which 
removes a possible source of anxiety to marine 
engineers who are not accustomed to machinery of 
the kind. It is often said that high mean cylinder 
pressures cannot be obtained with solid injection, and 
that when this system is employed the mean pressure 
per indicated horse-power is limited to 100 lb. per 
square inch. Messrs. Doxford’s experience with 
engines of the type we are describing goes to show 
that this view is quite unfounded, for the firm have 
not only exceeded the pressure mentioned, but 
have also obtained high mean pressures with boiler 
fuel oil, the use of which is generally considered to 
be impossible with solid injection. We believe 
that there is'only one other type of large marine oil 
engine using solid injection, but in this case the fuel 
used is the best grade of Diesel oil, namely, gas oil. 
As an example of the high mean pressures which are 
obtained in the Doxford engine we may mention 
that the three sister ships fitted with this engine are 
working regularly with mean pressures of 90 Ib. per 
square inch based on the shaft horse-power. Very 
complete tests of the Eknaren’s engine were made 
in Messrs. Doxford’s works, with the results shown 
in Fig. 35, on page 613, which show that, both with 
boiler oil and Diesel oil mean pressures exceeding 
110 lb. per square inch, in the indicated horse-power 
basis were registered on overload. The ability of 
the engine to work continuously with such high 
pressures without trouble in the cylinders is due 
partly to the perfection of the scavenging and partly 
to the simplicity of the parts with which the hot 
gases come into contact. 

The crankshaft of the engine is a very interesting 
piece of construction. It comprises four sets of 
cranks, each set having three throws, and in addition 
there is a single crank at the centre for operating 
the scavenging compressor. The complete shaft 
thus contains 13 throws. It is 42 ft. 7} in. in length 
over its end flanges and weighs complete no less 
than 50 tons. The main journals, of which there 
are six, are 16-93 in. in diameter, and the crank 
pins are 18-11 in. in diameter. The main crank- 
throw is 22-235 in. It was manufactured by 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
of Manchester, and when finished was found to have 
a degree of accuracy worth recording. The error 
in the total length was 0-008 in., and the maximum 
error in general alignment of all the journals did 





not exceed 0-0012 in. The average error in align- 
ment of each separate length of journal in relation 
to the general alignment was 0-0002 in., and the 
average error in alignment of crank pins in relation 
to general alignment of journals was 0-0002 in. 
We illustrated this shaft in our issue of November 25 
last year. The apparent complication of the 
design due to the numerous cranks is something 
which may strike an observer unfavourably, but 
judgment should be withheld until the compensating 
advantages have been considered. In the first 
place there is no load on the bearings due to the 
piston effort, as in ordinary engines. When any 
main crank is being forced down, the cranks on 
each side of it are being forced upwards with an 
exactly equal torque by the action of the upper 
piston, so that the main journals are in a state of 
practically pure torsion. The absence of bending 
stresses in the journals eliminates the most frequent 
source of crankshaft trouble. 

For single-screw oil engines, such as the one we 
are dealing with, the crankshaft is made in four 
pieces besides the scavenging crank. In the event 
of a disabled crank, a spare straight length of shaft 
is provided which can be inserted between the 
couplings by lowering the broken crank into the 
bottom of the bedplate. This can be done without 
dismantling any other part of the engine, and the 
latter can then run with only three cylinders, the 
flywheel being sufficiently heavy to enable this to be 
done. For twin-screw installations, the crankshaft 
is made in two pieces besides the scavenging crank, 
an arrangement which shortens the engine con- 
siderably. In the case of the Eknaren engine, the 
reduction in length would amount to 5 ft. by this 
alteration. 

Regarding the torsional stresses in the shaft, 
an experiment was made at Messrs. Doxford’s 
works on the distortion of a shaft similar to that 
of the Eknaren as compared with the distortion of an 
ordinary three-throw marine steam engine crank- 
shaft for transmitting the same power at the same 
speed. Both shafts were placed in their respective 
bedplates and were twisted with torques equal to 
the mean and maximum turning efforts. The oil 
engine shaft was 42 ft. 74 in. long, and the steam 
engine shaft was 23 ft. 10? in. long, and in each case 
the twist was measured at a radius of 22-5 in. 
The distortion of the oil-engine shaft with the 
mean torques was 0-186 in. and with the maximum 
torque it was 0-197 in. The corresponding figures 
for the steam engine shaft were 0-197 in. and 
0-245 in. These measurements proved that the 
twist per foot run in the steam engine shaft was 
about 25 per cent. more than in the oil engine shaft, 
though both were designed to transmit the same 
power. The fuel pump for injecting the oil is situated 
just forward of the thrust block, as seen in Fig. 16. 
It is driven from the crankshaft by spur gears of 
equal ratio. The pump has four cylinders, each 
corresponding to one of the main cylinders of the 
engine, although all can deliver fuel into a common- 
rail fuel pipe feeding all cylinders if desired. Alter- 
natively each pump delivery can be confined to its 
corresponding main cylinder, and any delivery can 
be cut off, without interfering with the others, 
should occasion arise. Details of the fuel pump 
are shown in Figs. 20 and 21, Plate XX XVIII. The 
underlying principle of its design is the production 
of a glandless pump which can be relied on to remain 
oiltight indefinitely under a working pressure of 
about 10,000 lb. per square inch, although -the 
pressure usually employed does not exceed 6,000.Ib. 
persquareinch. It will be seen from Figs. 20 and 21 
that each connecting rod drives a crosshead, to 
which a second crosshead is loosely attached, and 
that the pump plungers themselves are again loosely 
attached to the second crossheads. The object 
of this construction is to prevent any possible side 
strain due to the connecting rod coming upon the 
working plunger, should the main crosshead ever 
become slack in its guides. The second crosshead is 
made as perfect a fit in its guide, as the plunger is 
in the pump barrel. The latter is a long cast-iron 
sleeve in which the hardened and ground piunger 
reciprocates. 

The pump bodies are made from solid forgings 
of 3 per cent. nickel steel, and each is fitted with one 
suction and two delivery valves, all of special steel 
case-hardened and ground, The fuel delivery ig 
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The design is well worth attention on account of 
the simple and effective means employed to obtain 
the desired result. The spindle of the valve, as 
will be seen by reference to Fig. 27, is made of three 
distinct pieces which normally abut on each other. 
The right-hand end forms the valve needle itself and 
works in a cast-iron body which passes through 
the wall of the cylinder liner. Fuel under pressure 
from the pump enters the inlet on the valve-body 
where shown, which communicates with the longi- 
tudinal port leading to the point of the needle valve. 
The oil pressure is also communicated to a chamber 
in the casting carrying the other end of the spindle 
by an external pipe. The back end of the spindle, 
a pilot ram, is slightly larger in diameter than the 
spindle of the needle valve, and the effect of the 
arrangement is therefore to keep the valve closed 
by the slight excess of pressure due to the difference 
in the diameters. No springs therefore are required 
to operate the valve, the small spring placed behind 
the pilot ram being merely to hold the valve when 
the oil pressure is released. 

The fuel valve is operated by the lever A, which 
acts upon a crosshead screwed on to the intermediate 














Fig.32. 
165 Reve. 
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the shape of the cam-plate which controls the other 
end of the rocking lever. The engine would there- 
fore stop. Still further motion in the same direction 
would bring the cam roller again into action, and 
this time with the astern cam, but before this 
position is arrived at, the starting air valve will have 
been operated by the mechanism we have already 
described, for it is obviously necessary to do this 
before the engine can be restarted in the reverse 
direction. When changing from astern to ahead 
the operations described take place in the reverse 
order. The change of the roller from the ahead 
to the astern cam, and vice versa, is effected by 
sliding the cams axially along the shaft, and until 
this axial motion is effected, an interlocking device 
prevents the starting valve coming into operation. 
It should have been mentioned that the first effect 
of raising the long end of the bell-crank lever is to 
reduce the speed of the engine, as the fuel valve 
has then less lift and the time of injection is retarded. 

In order to safeguard the cylinders from any 
possible excessive pressure, the relief valve shown 
in Figs. 29 to 31 is fitted. The body of this valve 
is a steel forging provided with a water-cooled head 
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Fig. 34. 
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spindle and therefore causes this spindle to recipro- 
cate. When the governor comes into action, it 
rotates a small eccentric B, which moves forward 
the end of a vertical lever C which carries an abut- 
ment normally out of contact with the head of the 
needle valve. When the lever is moved by the 
governor this abutment comes in contact with the 
head of the needle valve and holds it shut, the 
intermediate spindle continuing to reciprocate, but 
not being followed by motion of the needle valve. 
The fuel valve lever A, to which we have referred, 
is also shown in Fig. 28. This lever carries a 
cam-plate D at its lower end, which is actuated by 
a roller on the end of a rocking lever E. The lower 
end of the rocking lever carries a roller which is 
moved by a cam on the main camshaft F of the 
engine. The fulcrum of the rocking lever is a 
crank-pin G on the short arm of a bell-crank lever, 
the other arm of which is attached to the control 
gear by the connecting rod H. The function of the 
lever K is to actuate the fuel valve on the other 
side of the engine in unison with the valve shown. 
The mechanism is illustrated in Fig. 28 in the “‘ full 
speed ahead” position. If the long arm of the 
bell-crank lever were raised by the control gear 
the result would be that the fulcrum G of the 
rocking lever would be lowered. This would bring 
the roller out of contact with the cam because of 


which is flush with the internal wall of the cylinder. 
The valve itself is held to a seating inside the forging 
by means of a rod and spring in the manner shown, 
the squared end of the rod permitting the valve to 
be rotated on its seat at any time to ensure that 
it is not sticking. 

Returning to the consideration of the Doxford 
engine generally, we may refer to one criticism 
which has often been directed against the type, 
namely that it is of necessity a very high engine. 
This, however, is really a matter which depends 
upon the revolutions at which the engine is designed 
to run. For a single screw drive, the engine must 
be high on accouut of the low speed of revolution 
necessitating a long stroke, but for a twin-screw ship 
the engine is no higher than a single piston oil engine. 
In fact, for such work, the Doxford engine has a 
great advantage, for the combined stroke in each 
cylinder is some 33 per cent. greater than is obtained 
with a single piston engine of corresponding size. 
To show how greatly the height depends upon the 
speed at which the engine is designed to run, we 
give in Figs. 32, 33 and 34, annexed, diagram- 
matic illustrations, all to the same scale, of opposed- 
piston engines, all of the same power and with the 
same piston speeds, but running at different speeds 
of revolution, namely, 165 r.p.m., 90 r.p.m. and 





75 r.p.m. When considering the height of the 
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Doxford engines in the Eknaren, it should be 
remembered that no other oil engine builders are 
constructing marine oil engines for a speed as low 
as 77 r.p.m., nor has any other builder yet attempted 
to put 3,000 i.h.p. in four cylinders on a single shaft. 

All Messrs. Doxford’s marine engines have been 
given thorough trials on the test bed before being 
put on board ship, and we reproduce in Fig. 35 the 
test results of the engine of the Eknaren. The 
engine was coupled to a dynamometer brake, so 
that the power developed was accurately known, and 
all necessary arrangements were made to ensure 
equal accuracy in measurements of fuel, tempera- 
tures, &c. Two curves are shown relating to each 
kind of test, the full curve giving the performance of 
the engine when using Anglo-American Diesel oil 
(specific gravity 0-893) and the dotted curve the 
performance when Anglo-Mex. boiler oil (specific 
gravity 0-947) was used as fuel. Starting from the 
top of the chart, the first pair of curves show the 
mean pressures developed in the cylinders on an 
indicated horse-power basis. It will be noted that at 
all speeds and loads the mean pressure is well above 





100 Ib. per square inch, even with the boiler oil, 
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and that at overloads 110 lb. per sq. in. is exceeded. 
The next set of curves show the horse-power de- 
veloped, the shaft horse-power line being the same 
for both oils as this was the real basis of the tests. 
The mechanical efficiency held up fairly well right 
up to the full load of 3,000 i.h.p, at 77 r.p.m., but 
fell away at higher loads and speeds. The vital 
curves, from the efficiency point of view, are the 
lower ones showing the oil consumption per horse- 
power hour, and it will be noted that when using 
Diesel oil the full load consumption was as low as 
0-400 lb. per shaft horse-power hour. This may be 
considered a remarkably good performance, particu- 
larly as it was maintained with little variation over 
a considerable range of power. It may be added 
that the Diesel oil had a gross calorific value of 
19,200 B.Th.U., and a net value of 18,000 B.Th.U. 
per pound. The corresponding figures for the 
boiler oil were 18,300 B.Th.U. and 17,200 B.Th.U. 
per pound, 

Although the economy of the Doxford engine is 
one of its features, this is not regarded by its makers 
as its principal claim to the attention of shipowners. 
Whether a marine engine consumes a ton of oil 
more or less per day is a very small matter compared 
with its reliability in service, the ease of access to 
its working parts. and its manceuvring capacity. 
These are points to which the builders have given 
very great weight, and the behaviour of the Yngaren 
and Dominion Miller on actual service would appear 
fully to justify the claims made for the engine. We 
had the pleasure of being present at the sea trials 
of the Eknaren about six weeks ago, and though the 
circumstances were not favourable for speed or power 
tests they afforded ample opportunity for observing 





the behaviour of the engines. The weather was 
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foggy, so that speed had to be frequently changed, 
and as the vessel was very lightly loaded, with her 
propeller half out of the water, the Aspinall governor 
was constantly coming into action to prevent 
racing. This it did most effectually, and the peace 
and silence of the engine-room under all conditions 
of running was very noticeable. 

We have to thank Messrs. William Doxford and 
Sons, Limited, the builders of both the Eknaren 
and her propelling machinery, for permission to 
describe and illustrate both so fully, and our thanks 
are also due to Mr, K. O. Keller, the designer of the 
Doxford engine, and manager of the oil engine 
department of the firm, for his courtesy and 
assistance on the occasion of our visits to the 
Pallion yard for the purpose of obtaining informa- 
tion, 








RAINFALL AND FLOODS. 


As rain falls on the earth a portion is immediately 
returned to the atmosphere, the remainder soaks 
into the earth, and as the surface of the particles 
forming the soil are clean, water has no difficulty 
in flowing over the surface of these particles into 
the subsoil. With a lengthened rainfall the inter- 
spaces of the soil will become uniformly occupied 
by water and gas, and if the rate of rainfall is greater 
than that which can pass through the minute spaces 
of the soil in a unit of time the water remains on the 
surface, or runs off into the nearest drainage channels. 
As floods depend upon the amount of the rainfall 
that runs off from the ground, it is evident that the 
greater the rainfall, during any period of time, than 
the amount of percolation into the soil during the 
same period, the greater will be the run-off. Floods 
are therefore the result of rainfalls of great intensity, 
and their magnitude depends more on the intensity 
of the rainfall, that is on the rate at which the rain 
falls, than on the total amount of the rainfall. 

The geological character of the country also 
influences the run off. Large areas and a great 
depth of sand, would, unless the rainfall were so 
heavy as to saturate the sub-soil completely, give 
little run off ; whereas if the tract of country consist 
of bare, impervious and unfissured rock, the whole 
rainfall discharged upon it, less some small amount 
carried off by evaporation, would run off the 
ground. In the case of cities and towns the per 
cent. of rainfall running off areas built over is 
greater than that from parks and garden areas. 
The area and general topography of an hydro- 
graphical basin will also influence the flood discharge 
of the stream or river draining it. The form and 
length of the basin, the outlines of the principal 
valleys, and the length and gradients of the main 
water courses draining the basin are important 
factors in determining the flood discharge to be 
anticipated. If the basin be long and narrow the 
time required to discharge will be longer than if 
the valley were semi-circular or fan-shaped, and the 
water courses converged to one common outlet. 
If depressions exist forming lakes, a part of the 
flow will accumulate in them, and the intensity of 
the flood discharge will be diminished. Where 
vegetation is dense and the basin wooded, the rain- 
fall is retained and allowed to pass off slowly. 
Although the influence of forests on rainfall and 
in reducing the intensity of floods is disputed, yet 
in tropical countries subject to heavy downpours 
of rain, forests and undergrowth on mountains and 
hilly country maintain the earth slopes, which absorb 
the rain and maintain a uniform flow in springs and 
rivers, instead of allowing the rain to scour away 
the soil and form floods disastrous to crops in the 
plains below. 

The maximum flood that may be expected from 
any hydrographical basin is wne of its most important 
hydraulic characteristics, since the provision of 
adequate flood escapes depends on the correct 
estimation of the probable maximum flood dis- 
charge. An optimistic estimate of the low water 
supply from an hydrographical basin might in the 
case of a public supply lead to shortage, and in- 
convenience to a community, but an under-estimate 
of the probable maximum flood discharge from that 
basin might result in disaster and loss of life. 

Rainfall and Rainfall Intensities—In estimating 
the probable flood discharge a knowledge of the 
maximum recorded rainfalls on the basin under 





consideration, their duration and intensities, and 
the causes producing them are necessary. The 
heaviest rainfall does not necessarily produce the 
greatest flood. The degree of saturation of the 
basin has also to be considered. A heavy fall after 
a long period of drought may produce a flow of 
no great magnitude, while a lesser fall after pro- 
longed wet weather when the soil and subsoil have 
become saturated, may produce a flood of a con- 
siderable magnitude. The greater the area of the 
basin the more important does the question of 
saturation become. If the basin be large, a short 
but very heavy fall may produce a smaller flood 
than a smaller rainfall when the soil is saturated 
and the run off channels already full. Conditions 
favourable to floods are prolonged moderate rain- 
fall, followed by a fall of great intensity for a short 
while. 

The mean intensity of rainfall on any area in- 
creases as the area diminishes. Very great intensi- 
ties, or sudden bursts of rain are usually produced 
by thunderstorms or cloud bursts extending over 
small areas. The maximum intensities of 6 to 24 
hours’ duration occur during the long continued 
rainy, or ““ wet season.” While it may be accepted 
as generally true that intensities of rainfall vary 
indirectly with the extent of the area over which 
it falls in any given storm, yet cyclonic storms have 
been recorded which have resulted in heavy falls 
over widespread areas. On September 17 and 18, 
1880, in Rohilkand and adjacent districts of 
Northern India, more than 10 in. of rain fell in 
two days over an area of not less than 10,000 sq. 
miles. In 1882, July 14th and 15th, an average of 
5 in. fell in 24 hours over the greater part of the 
Central Provinces—an area of some 30,000 sq. miles. 
A cyclone which struck the Madras Coast in 
November, 1903, and spread inland gave a rainfall 
of 7-41 in. over an area of about 3,000 sq. miles. 
In July, 1905, a storm visited America which 
showed a maximum intensity of 24 to 3 in. in an 
hour, over an area of 200,000 sq. miles. In the 
summer of 1903 2} in. fell all over the London 
area in 24 hours. 

A study of rainfall statistics for any long period 
will show that falls of great intensity are very 
variable, but it should be possible to estimate the 
maximum intensity that is not likely to be exceeded 
in periods of 10, 20 70 years. The longer 
the period the greater will be the intensity of the 
fall, i.e., a greater intensity of fall may be expected 
once in 70 years than once in 30, and soon. From 
the recorded rainfalls for 24 hours in India for a 
period of 70 years, the greatest fall in any one day 
in that period occurred at Cherapungi and amounted 
to 40-8 in. Neglecting this fall since the annual 
rainfall at this place amounts to 400 in. to 500 in., 
the highest fall in the plains is found to be 35 in. 
in 24 hours in the Bhagulpur division of Bengal. 
In the North West Provinces on September 18th, 
1880, three stations registered in 24 hours 28-5, 
30-4, 33-4 in. Even in Sind where the fall averages 
3 in. to 11 in., a fall of 36 in. was recorded at Dor- 
baju on August 4th, 5th and 6th, 1866. Of this 
20 in. fellon the 4th, and 14 in. on the 5th. It 
may be said in fact that for the conditions obtain- 
ing in India rainfalls of 10 in. in 24 hours are 
frequent, and that intensities of 20 in. in the 24 
hours may be expected to occur about once in 70 
years, and this maximum is liable to be exceeded. 

Blandford (in ‘‘ Climate and Weather of India, 
Ceylon and Burmah”’) states that excessive falls 
of rain in India are generally the result of cyclonic 
storms, which sweep over the country, in which the 
barometer is not greatly depressed. Such storms 
frequently occur in years of partial drought. The 
intensity varies with the duration of a heavy fall. 
Intensities of short duration are more frequent 
than those of greater length, i.e., the rate of rainfall 
increases as the duration of the downpour diminishes. 
One of the principle sources of error in estimating 
flood discharge from basins of small area, or from 
built-up areas is the actual measurement of the 
intensity of falls for short periods. For such 
purposes automatic rain gauges are essential. In 
designing a drainage scheme for a town it is necessary 
first to decide what is the greatest fall to be antici- 
pated in an hour or perhaps in even less time. In 
railways and irrigation works provision may have to 
be made for the greatest fall in half an hour. 


“ British Rainfall” (1908) gives the following 
records of falls of great intensity for a period of 
forty-nine years :— 

If ¢ represents the duration of the heavy fall in 
minutes, T the duration in hours, R the actual fal] 
in inches during ¢ minutes and I the intensity of 
the fall (inches per hour); then for frequent 
occurrences too numerous to discuss : 


$ = 10 20 30 40 50 60 

R = 0:30 0-53 0-70 0-82 0-92 1-00 

I = 1-80 1-59 1-40 1-23 1-10 1-00 
For remarkable occurrences : 

t = 10 20 30 40 50 60 

R = 0-65 1-06 1°35 1°54 1-67 1-75 

I = 3-9 3-18 .2-70 2-31 2-00 1-75 
For very rare occurrences : 

$ = 10 20 30 40 50 60 

R = l 1-58 2 2-26 2-42 2-5 

I = 6 4-74 4 3:39 2-90 2-5 


In this period there were 33 instances when 
the latter figures were exceeded as given by the 
following : 


t = 5 15 30 45 60 
R = 1-25 1-46 2-90 3-42 3-63 
I = 15:00 5:84 5:8 4:56 3-63 
7 = <h 2 3 5 9 
R = 3-75 4-80 6-70 6:50 4-90 
I = 3-00 2-4 2-28 1:3 0-544 


Figures from the Chestnut Hill Station, of Boston, 
Mass, show the following values for a period of 
fifteen years : 


$ = 5 10 15 20 30 45 
i = 7°4 4-85 3-82 3-31 2-65 2-0 
t = 60 80 100 120 150 180 
I = 1-65 1-35 1-18 1-02 0-87 0-79 


For small areas the rate of 4 in. per hour for a few 
minutes may be expected. 
The records for Madras show the following values 
for a long period of years : 


15 18 40 
4°80 6°66 2-4 


t = 


I 


180 
1-65 


720 
1-42 


1,440 
0-81 


The formula log I = 1 — 0-3 log ¢ seems applic- 
able to Madras and to the rest of India, i.e., during 
cyclonic storms intensities of rainfall may be 
expected which can be represented by this formula. 
These intensities are likely to be exceeded in a long 
period of years. The above formula may be trans- 


10 
i0-3" Talbot has 
suggested for falls not likely to be exceeded in the 
United States, more than two or three times in a 

360 105 . 
30 +¢ +t 
which gives an intensity that may be exceeded 
every two or three years. Parker, for British rain- 


formed into I = Professor 


century, the formula I = , and [= 








: 240 és ” 
fall, gives I = 5; a for ‘‘ very rare occurrences, 
168 
and I= 5 ¥ for “ remarkable ”’ cases. 


The quantity of water which will accumulate at 
a point or outlet of the watercourse draining a basin 
depends on— 

(1) The area and shape of the basin above the 
point of outlet. 

(2) The nature of the surface of the basin. As 
already pointed out depressions and lakes are flood 
moderators. Large areas of ploughed land increase 
the retentive power of the soil, while furrows, 
ditches, roads, &c., greatly facilitate run-off. The 
development of country by the construction of 
roads and ditches consequently delivers water to 
the courses more rapidly than before. In cities, 
impermeable areas such as roofs, paved streets, &c., 
largely affect the rate of run-off. 

(3) The inclination of the surface of the ground. 
The resultant flood discharge depends on the 
gradients of the water courses, which affect the 
height to which the water will rise. A combination 
of steep slopes in the tributaries with a flat slope of 
the main stream is very favourable to intense 
flooding. 
(4) The degree of saturation at the beginning 
of the fall. This becomes more important the 
greater the area of the basin. 

(5) The duration of the fall and its greatest 
intensity for any period of time. Of these the 
former affects the degree of saturation of the soil, 
while on the latter will depend the magnitude of 
the flood discharge. In estimating probable flood 
discharge from a basin it must be assumed that the 
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rainfall is general over the whole extent simul- 
taneously; also that it is of sufficient duration 
for the flood water from all parts to reach the 
outlet. The area may be so large that it may 
take 24 hours or longer for the flood to reach the 
outlet. In such cases it is only necessary to 
consider the rates of fall for 24 or 48 hours when 
estimating the probable flood discharge. Ifthe basin 
be small and the tributaries converge to a common 
outlet it may be necessary to consider the maximum 
intensity likely to occur in an hour, or even @ 
shorter period. 

(6) The relative'direction and velocity of the storm 
to that,of the main stream draining.the basin. 








knowledge of the maximum rainfall that is likely 
to occur during the period ¢ corresponding to the 
area and length of the basin is required. The value 
t requires for its estimation a knowledge of the 
gradients of the main watercourses and of the 
tributaries draining the basin. Under average 
conditions, it has been laid down by Mr. Chamier 
that the velocities in watercourses range from 
2 to 4 miles an hour. The time taken to run off 
depends upon the nature and inclination of the 
ground surface. On grass downs with moderate 
slopes the velocity of flow off will be about half a 
milejper hour; on steep declivities one mile per 
hour.. The velocities of rivers vary greatly. 





without loss or damage. For instance, in the 
drainage of rice-growing deltaic lands in Southern 
India, the paddy is generally fully grown and 
about to mature when the cyclonic storms visit 
the Coromandel Coast. At that stage the crop 
can withstand six days’ submersion without serious 
damage, and, as a consequence, that period has 
been taken as the length of time in which it should 
be possible for all water to flow off. Falls of 
10 in. in 24 hours during cyclonic storms are not un- 
common on this coast, and in estimating the amount 
of drainage to be provided, General Mullins, in 
connection with work in these parts, assumed a 
rainfall of 10 in. ip 24 hours, and 2 in. for the 
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The general formula for the run off or flood dis- 
charge from any hydrographical basin must be of 
the form 

D=f(A.Ip), 


Where A = the area of the basin. 

I, = the maximum estimated intensity of rainfall 
for any »eriod ¢t required to concentrate 
the flood waters from every part of the 
basin. 

p = the fraction of the rainfall which is estimated 


to run off, and which depends on the 
nature of the catchment area, and degree 
of saturation. 

If d A be a unit of the area A, in order to discharge 
the rainfall running off d A at the outlet of a basin, 
it is necessary to know ¢, the time it will take the 
water running off d A to reach the outlet. Then, 
in order to prevent the accumulation of water and 
consequent flooding, the discharge at the outlet 
must equal the run off from d A during the time t. 
If I: be the maximum intensity of fall corresponding 
to the time ¢ the discharge at the outlet for any 
short period will be 

padAt, dt, 
if 4: be the time taken for the water to reach the 
outlet from the furthest part of the basin. The 
mean discharge per unit of area of the basin will be 


1 
pdAx i I. dt 





ty 
Since I; may be as = the discharge from a 
‘ pa 
unit of area may be represented as Iba OF 


generally ee where ¢ is the time taken 


to reach the outlet from the furthest extremity 
of the basin. It has been pointed out above 
that for conditions obtaining in India I, = a 
This would then give a mean discharge per unit of 
area as 
$ 10 ar 10 

(l—0-3)03 06-7903 

If the area be one acre, this will represent the 
flood discharge per acre in cubic feet per second. 

_For the purpose of calculating the greatest flood 
discharge to be provided for in connection with 
any particular hydrographical basin an approximate 





Pp xX p. 




















Records show the rate of travel of flood waves to 
have been from 4 to 9 miles per hour. Prussian 
observations for town areas go to show that the 
flood water takes three and a-half times as long 
to reach the drains as to fall. 

A certain amount of judgment must also be used 
in estimating. It is possible by omitting the 
contribution of an isolated and far-distant portion 
of the catchment area to obtain a smaller value 
of t and a greater value of I. 

In designing drainage schemes much will depend 
upon the time the land is able to endure submersion 
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remaining five days, making 12 in. in all, over a 
standard area of 5 square miles, to be passed off in 
six days—that is, at the rate of 2 in. per day. For 
areas greater than 5 square miles General Mullins 
used the formula 


D (in cub. ft. per sec.) — 450 M4 


where M represents the area to be drained in square 
miles. The drains were designed to carry one- 
sixth of this discharge. It may be noted that the 


expression D = 450 M® is equivalent to a run off 
of 10 in. in 24 hours for an area of 5 square miles. 

In estimating p, or the fraction of the rainfall 
which flows off the ground and finds its way into 
the streams, conditions most conducive to surface 
drainage must be considered. In countries where 
winter storms are common, the ground is often 
frozen when two-thirds, or even a greater proportion, 
of the rainfall may be taken as flowing off the 
ground. In more temperate or in tropical climates 
the geological character of the basin must be 
considered. In all cases the greatest degree of 
previous saturation must be allowed for. Generally 
the value of p will lie between } and ?: For wooded 
slopes and compacted surfaces a fair value will be 
0-5 to 0-6. For bare unfissured rocky hills it may 
be as high as 0-8 or 0-9, and such a value may be 
also assumed for impervious built-on areas. In 
the case of deltaic drainage referred to above, the 
ricefields have usually 2 in. or so of irrigation water 
standing on them, and practically the whole of the 
fall must be passed off by the drains less a small 
quantity evaporated. 

The causes producing floods require careful study. 
In the case of small catchment areas thunder- 
storms or cloud-bursts may produce floods at any 
time of the year, whereas in the case of rivers with 
catchment areas of some magnitude floods may be 
expected during the rainy or wet season of the 
locality, and generally the months in which they 
may be expected may be predicted. 

The damage caused by floods is often very con- 
siderable and many instances might be cited of 
heavy losses from this cause in various countries. 
Many serious cases of damage have been recorded in 
America. A recent instance nearer home is that of 
the flood at Louth in 1920 due to exceptionally 
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heavy rain on the Wolds. At Little Welton, 
between Elkington and Welton-le-Wold, the rainfall 
is estimated to have reached 8 in. an hour. At 
Louth 1-43 in. were measured, at Hallington 4-72 in., 
and at Welton-le-Wold 4-59 in. The country con- 
sists of chalk hills, cultivated. The velocity of 
the flood was estimated at 15 m.p.h. The accom- 
panying views show some of the resulting damage 
at Little Welton. The first view, Fig. 1, is from a 
photograph of a field showing a gulley cut by the 
torrent and chalk exposed. The second, Fig. 2, view 
shows an enormous mass of chalk cut from @ gulley 
and carried halt-a-mile before being deposited at the 
junction of two fields. The third view, Fig. 3, is of 
a gulley 7 ft. deep by 3 ft. wide and about 220 yards 
long, cut by the water running off a catchment area 
of about 4 acres. In addition to this heavy damage 
to farm lands, roads were cut away and other 
property was destroyed. The catchment area above 
Louth is about 20,000 acres, and the Lud which at 
Louth runs normally 1 ft. deep and 5 ft. broad rose 
in half an hour to a depth of 10 ft. and width of 
150 yards. This flood exemplifies the fact that a 
continuation of steep slopes of tributaries with a 
flat slope of the main stream is very favourable to 
high floods. 

The effects of floods on public health are often 
serious, resulting in rheumatism and chills and colds, 
arising from dampness of the soil and of dwellings. 
Disease may also result as a result of unhealthy 
conditions following. Typhoid has been known to 
break out six weeks after an inundation. On the 
other hand floods often cleanse towns of epidemics. 
This is often experienced in India where cholera 
outbreaks are terminated by cyclonic storms 
washing a town clean. 

The evils of floods can be remedied by the use of 
reservoirs to retard the arrival of large bodies of 
water in the principal waterways, and storing the 
water for future use. Improving the flow of the 
streams and clearing the courses of obstruction also 
relieve the situation. The first essential to effective 
drainage are that the flood water must have free and 
uninterrupted flow, and that the river draining the 
basin should be dealt with as a whole. Even in 
this country large areas of land are subject to 
inundation, and if their drainage courses were 
satisfactorily dealt with, a considerable amount 
of valuable additional land would be made available. 
The frequency of great floods and the amount of 
money that can economically be spent in preventing 
or minimising the damage due to inundations is one 
of the most difficult problems confronting the 
civil engineer. 





DAM CONSTRUCTION IN AMERICA. 
To rar Eprror or ENGINEERING. 

Sir,—Your recent editorial on ‘‘ Dam Construction 
in America’’ was noted with great interest. Permit me 
to point out a few facts which may be of some interest 
in view of the large number of dams which are contem- 
plated for the near future. 

Most arch dams as heretofore constructed, were 
designed as cylinders exposed to an external water 
pressure. The fact that such dams are encastré at the 
base as well as along the side abutments, was generally 
neglected, and little attention was given to the stresses 
which occur from gravity or vertical cantilever action. 
Observations of the deflections of arch dams have shown 
that the maximum deflections usually occur at the crest, 
and that practically none exist at the base, although 
according to the cylinder theory the opposite might be 
expected. Such an absolute disagreement between 
theory and actual conditions should be a sufficient 
inducement for attempting a more scientific design of 
arch dams. 

An interesting arch dam was recently built on the 
River La Jogne, in Switzerland. The design was based 
upon the theory of an elastic structure, and the dam 
was shaped in such a manner as to ensure harmonious 
action between vertical cantilever, and horizontal arch 
elements. 

In order to obtain comprehensive information regard- 
ing the statical conditions of arck dams, and to establish 
reliable assumptions for future designs, the ‘‘ Engineering 
Foundation,” an American institution for scientific 
research, started recently an investigation of arch dams 
by making tests and measurements on a large number of 
characteristic structures of this kind. It is hoped that 
accurate measurements of stresses, deflections, tempera- 
ture variations, &c., extending, if necessary, over a 
number of years, will furnish reliable assumptions for a 
safe and economical design of future arch dams. 

As the use of single arch dams is restricted to com- 
paratively narrow canyons, structures of the multiple 
arch type have been built quite frequently during recent 
years both in Europe and in America. For instance, 
about six to eight multiple arch dams are under con- 





struction in Italy, one of these dams to be over 200 ft. 
high. 


‘. Sweden, two multiple arch dams are being built 
about 100 miles north of the arctic circle, and under the 
most severe weather conditions. These dams are 
designed for ice pressure resulting from a sheet of ice 
10 ft. thick. Such facts indicate clearly the increasing 
favour with which the modern kinds of dams are viewed. 

In the United States an improved type of multiple 
arch dams has been developed recently, and several 
structures of this type from 200 ft. to 300 ft. are con- 
templated for construction in the near future. Careful 
investigations have shown that such dams have a factor 
of safety at least twice as high as straight gravity dams 
of standard cross-section. Nevertheless, the cost of such 
multiple arch dams will be only about one-half the cost 
of gravity dams, and the time for construction is reduced 
by about one-third. 

Very truly, 
Frep. A. Noerzzi, D.Sc. 

San Francisco, California, October 30, 1922. 








HYSTERESIS LOSS AND COERCIVITY. 
To THE Epiror oF ENGINEERING. 
Srr,—The experiments on hysteresis by Messrs. 
Anderson and Lance, call to mind a uliar situation 
obtaining in current electromagnetic theory. Although 
from a heavy engineering point of view an empirical 
formula (certainly not a law) of the form 


Wi = 7 Bi, 


is of value, even if 7 and z are known not to be constants, 
the fact remains that hysteresis loss must be ascribed 
wholly to the magnetic induction factor I in the Heaviside 
formula 

B=y,H +I. 


The interesting results of the authors in question 
(page 351 of your issue of September 22) would have 
taken on a more interesting aspect had this distinction 
been emphasised. Needless to say the ether itself 
cannot be assumed to have hysterstic characteristics. 
Whatever viscous or non-viscous hysteresis there may be 
must be due to the material medium finding itself still 
subject to the magnetic forces which are essentially 
sub-material, judging by the fractional character of the 
indices in the Fourier dimensional formule. 

With regard to coercivity it is to be remembered that 
this term has really better reference to the I —H 
diagram rather than to the B — H one, for the ether is 
again non-coercive. 

Finally, there is the circumstance of viscous superposed 
upon non-viscous hysteresis. Both elements give rise 
to hysteresis loss and should be separately studied. It 
might not be amiss to refer to a ‘“‘ Mechanical Model for 
Hysteresis’ which the writer disclosed to the American 
Physical Society last April. It is described in the June 
number of the Physical Review, and is rather better for 
electrical theory than the later one of Professor Lees 
disclosed in the September issue of the Philosophical 
Magazine. 

Yours faithfully, 
A. PREss. 
319, Dorset-avenue, Chevy Chase, Md., U.S.A. 
November 1, 1922. 





Tue Institution oF Crvm Encinerers,—The Council 
of the Institution of Civil Engineers have made the, 
following awards in respect of “— printed without 
discussion in Section II of the Proceedings for the 
session 1921-22: A George Stephenson gold medal to 
Mr. B. C. Laws, D.Sc. (London). Telford premiums to 
Professor Leonard Bairstow, C.B.E., F.R.S. (London), 
and Mr. A. J. Sutton Pippard, M.B.E., D.Sc. (London) ; 
Mr. E. A. Cullen, M.Inst.C.E. (Brisbane); Mr. H. H. 
Dare, M.E., M.Inst.C.E. (Roseville, N.S.W.); and 
Mr. F. W. Stephen, M.C. (Aberdeen). And for papers 
read before meetings of students in London and the 
provinces: A Miller prize and the James Forrest medal 
to Mr. F. H. Bullock, B.Se., Stud.Inst.C.E. (Cardiff) ; 
and Miller prizes to Mr. J. G. Mitchell, B.A., Stud.Inst. 
C.E. (London); Mr. A. G. McDonald, Stud.Inst.C.E. 
(London); and Mr. Harry Wolf, Stud.Inst.C.E. (Man- 
chester). 





Automatic Pump Priuine Device.—A pamphlet 
illustrating and describing the Seaborne “‘ Interceptor” 
—a device for keeping centrifugal and other valveless 
pumps primed without the use of a foot valve so that 
they will commence delivering immediately on starting 
up—has come to hand from Messrs. Baddon and Arton, 
45, Chancery-lane, W.C. 2. The device consists of a 
spherical vessel fitted in the suction pipe just above 
the level of the pump, the suction pipe being connected 
to the top of the vessel and the pump to the bottom. 
The vessel remains full of water after the pump has been 
shut down, and the displacement of this water, when 
the pump is started up, creates a vacuum in the vessel 
and so draws the water up the suction pipe. The volume 
of the vessel must, of course, be greater than that of the 
suction pipe for this action to take place. It is also 
desirable for the volume of the delivery pipe to be at 
least equal to that of the ‘‘ Interceptor,’’ so that, if the 
pump should suck dry, the water which runs back from 
the delivery pipe will be sufficient to fill the vessel. 
If the delivery pipe is short, its volume can be increased 
to meet such cases: by fitting a small auxiliary tank at 
the upper end, with the delivery pipe connected to the 
bottom and the discharge running into the main tank 
from an overflow pipe at the top of the auxiliary tank. 
Reports from users seem to indicate that a number of 
‘** Interceptors’ are working satisfactorily. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The current trade position presents 
many contradictory features. Official returns of un- 
employment popeneet ly offer no reliable indication of the 
movement of business. One week they show a sub- 
stantial decline, and the next they are up again almost 
at their old level. On the other hand, railway traffic 
receipts point to a steady recovery. ing organisers 
in the heavy trades are loath to commit themselves to 
any hard-and-fast opinion. In some sections order 
books are improving, while in others the gross volume 
of work on hand is actually less than was the case three 
months ago. The unsatisfactory condition of European 
exchanges is to some extent responsible for the arrest 
of the forward movement. Former customers who were 
in the local market for steel and machinery have now 
been obliged to cancel their orders or to suspend inquiries 
until more favourable conditions are restored. Forges 
and foundries seem to be doing rather better, though 
rolling mills report a further set-back, while makers of 
special steels are inclined to take a pessimistic view of 
the a. The appeal made by the Chancellor of 
the chequer (Mr. Stanley Baldwin) at the Cutlers’ 
feast last week is echoed by manufacturers throughout 
the heavy trades. The parsimonius policy pursued by 
public utility companies in this country has m one of 
the main causes of the continued slump in railway 
springs, axles and tyres. Much of the work from foreign 
buyers formerly secured by Sheffield has gone to the 
Continent, and in the absence of home business these 
departments are experiencing a very difficult time, 
despite the reduction of works costs by successive 
reductions in wages. The feeling is general that the 
railway companies have held off as long as consideration 
for the safety of the travelling public will allow, and that 
with prices at a lower level than was anticipated by the 
majority of buyers a year ago, the companies would do 
well to place their requirements, or at any rate a portion 
of them, at the earliest possible moment. Textile and 
electrical machinery reflects the more hopeful side of 
the current position. Orders in hand on both of these 
accounts are sufficient to provide steady work for many 
months ahead, and new bookings are Reto made at a 
promising rate. Automobile requirements are also on 
the up-grade, and the agricultural industry appears to be 
slowly taking on a more cheerful aspect. Australia and 
Canada are among the largest buyers of tools and imple- 
ments. Saws are wanted for Scandinavia, South Africa 
is in the market for mining requisites, and India is taking 
a fair tonnage of railway materials and tools. The 
absence of any agreement between manufacturers means 
that much of the new business is being taken on at a very 
cut rate. Some of it is expected to show an actual loss. 
Quotations for raw and semi-finished materials show 
no alteration. Special steel scrap is in demand at firmer 
rates. Supplies are far from adequate, despite the fact 
that the tonnage available locally is augmented by a 
fairly substantia! consignment from Continental yards. 


South Yorkshire Coal Trade.—House-coal merchants 
report a steady revival consistent with seasonal require- 
ments. Reserves at depéts are generally sufficient to 
meet local needs, but business with London consumers 
is hampered by wagon shortage. Best qualities on the 
average have advanced ls, a ton, and inferior grades are 
firmer. The home industrial demand still shows weak 
patches. Export business is less robust, due to falling 
exchange on the Continent and loading delays at the 
docks. Delay is reported in arriving at contract prices 
for forward delivery. Furnace coke is improving, mainly 
on export account. Slacks are still depressed. Quota- 
tions :—Best branch handpicked, 32s. 6d. to 34s. 6d. ; 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire best 
brights, 24s. to 26s.; Derbyshire best house, 21s. 6d 
to 22s. 6d.; Derbyshire best large nuts, 19s. 6d. to 
22s. 6d.; Derbyshire best small nuts, 15s. to 16s. 6d. ; 
Yorkshire hards, 20s. to 21s. ; Derbyshire hards, 19s. to 
20s. 6d. ; rough slacks, 8s. 6d. to 10s. 6d. ; nutty slacks, 
7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLESBROUGH, Wednesday. — 
The Cleveland Iron Trade.—Cleveland pig-iron is 
perhaps a little easier. Possibly customers could average 
contracts for delivery over periods next year at rather 
below current rates, but makers generally are well placed 
and are not at all keen to commit themselves ahead 
to any great extent. Little is now heard of American 
demand, but a lot of the iron sold to the States has yet 
to be shipped. The f.o.t. makers’ works, and f.o.b. Tees 
quotations stand :—No. 1 and siliceous iron, 97s. 6d. ; 
No. 3 G.M.B., 928. 6d.; No. 4 foundry, 90s.; No. 4 
forge, 85s. ; and mottled and white, 81s. 6d. to 82s. 


Hematite.—There is continued considerable activity 
in East Coast hematite, and values are steadily moving 
upward. Stocks are fast disappearing, and the improved 
statistical state enables producers to take a firm stand. 
There is now little prompt iron on the market, and there 
is likelihood of output being increased by the blowing 
in of one or two idle blast furnaces. Mixed Nos. are 
firm at 93s. 6d. both for home purposes and for shipment 
abroad, and No. 1 hematite is put at 94s. 6d. 


Foreign Ore.—Transactions in foreign ore are still on 
a limited scale, but it is some gratification to learn of 
more than one sale of a few thousand tons for delivery 
early next year. Best rubio is 22s. c.i.f. Tees. 

Blast-jurnace Coke.—Local consumers of Durham 
blast-furnace coke are markedly disinclined to pay more 
than 28s. 9d. for .average descriptions delivered, and 
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report fairly substantial contracts having been made at 
round about that price. Several sellers, however, hold 
out for a rather higher figure. 


Manufactured Iron and Steel.—There are at length 
apparent signs of increasing activity in manufactured 
iron and steel. Production is still very much below 
normal, but inquiries are expanding rather considerably, 
and idle plant is being slowly but gradually re-started. 
Quite a number of orders for rails and for constructional 
material have recently been placed, and demand for ship- 
building requisites is anticipated. Common iron bars 
are 10l. 10s. ; . iron_rivets, .11/.; steel bars, 91. ;. steel 


billets, TZ. 5s. to 8. 5s. rome | to quality ; steel 
steel ship, bri and tank 


boiler plates, 122, 10g. ; 

plates, 91. to 91. 108, ; steel angles, 8/. 15s. ; steel joists, 
91. 108.; tees, 101; heavy steel rails, 9/. 10s.; fish 
plates, 147. 108.; black sheets, 12/.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 171. 10s. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. ~ 
Scottish Steel Trade.—-No improvement .of any kind 
is notieeable in the steel trade of Scotland, and the 
brighter prospects which have been so much talked. of 
for some time back have so far failed to put in an gee 
ance. Buying would seem to be a lost art, but with the 
elections over there is a possibility of the try settling 
down and trade improving. The demand for-ship tes 
is of very small dimensions at the present time, and only 
a portion of the ar plants is in operation. One 
or two fresh shipbuilding contracts which have just 
been reported will certainly mean a slight increase in 
the consumption of plates, but before there is any sus- 
tained demand for plates shipowners will 
place 4 considerable number of orders for gen c - 
carrying vessels. A fair amount of sectional mai 
has been sold during the past month or two—poor, of 
course, in comparison with what can be turned out— 
but the demand, such as it was, has fallen off again, and 
a dull| tone prevails. In the black steel sheet trade 
the home demand is a shade better, but is still quiet, 
particularly for the heavier gauges, but the export 
side of the business is moving along tolerably™ well 
and some fairly good inquiries are now on hand. Prices 
all round are steady and show little or no change. 


Malleable Iron Trade.—Conditions in the West of 
Scotland. malleable iron trade are not very satisfactory, 
and dealing is of a hand-to-mouth character. This state 
is causing managements rather an anxious time, as no 
distance ahead can be seen. There is a little doing on 
export account, but very little is being absorbed-by the 
home trade. Prices are unchanged with “ crown” 
bars at 10/. 10s. per ton delivered Glasgow. 


Scottish Pig-Iron Trade.—The American demand for 
foundry iron is still the only bright feature in the Scottish 
pig-iron trade, and as considerable quantities have yet 
to be shipped active conditiéns will rule at the works 
for some time yet. The future is now giving a little 
concern, but some improvement in the home trade is 
looked for before very long and that will, of coursé, 
be very acceptable. In the meantime, however, the 
home demand is very small and does not amount to a 
heavy weekly tonnage. Hematite iron is very slow, of 
sale as the local steel makers are so quiet. Prices have 
a weaker tendency, and to-day’s quotations are as 
follow :—Hematite, 5/. 7s. 6d. per ton, delivered at the 
steel works; foundry iron, No. 1, 5l.. 18. 3d. per ton, 
and No. 3, 41, 16s. 3d. per ton, both on trucks at makers’ 


yards. 


Pig-Iron Shipments.—The shipment of Scottish pig- 
iron from Glasgow Harbour during the week ending last 
Saturday, November 11, was 4,583 tons. Of that 
quantity 4,325 tons went foreign and 258 tons coastwise. 
The total shipments for the year to date amount to 
87,416 tons, of which 79,922 tons have gone abroad. . 


The Elections.—The Parliamentary Elections have 
had some effect on trading during the past week, and 
it is gratifying that it has not been so long-drawn-out 
as on former oceasions. Business is difficult to do to-day 
on account of the general interest taken in the polling, 
and this is easily understood because of the seriousness 
with which the average Scot looks on polities. To- 
morrow thi will be about right again, and it is 
anticipated ‘that more confidence will be the outcome 
of the elections, and general business conditions will 
improve, 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
_ The Coal Trade.—The coal market has developed 
irregularity and the undertone is easier. Shi are 
suffering from an over-supply of tonnage and lack of 
loading} accommodation. To-day over 50 steamers were 
berths, and this is causing collieries 








waiting’ for loadi 
difficulty, inasmuch as in some instances they have boats 
in dock waiting for cargo which they are unable to take 
because of the inability of shippers to secure — 
berths.: The result is that sellers have to find a quic 

outlet to enable them to get wagons back to the ac 
The refusal of the railway company to clear coal from 
colliery sidings until they have vessels assured of a berth 
is also causing difficulties. Further, the depreciation in 
the value of the French and Belgian franc has dis- 
organised business. In a number of cases contracts 
have been postponed or cancelled, and this again has 
upset arrangements. In the circumstances it is not 
Surprising to find that prices have developed irregularity 
and are now dependent on individual circumstances. 
This is especially the case for delivery towards the end 
of the month, for in the majority of cases collieries are 
well booked up and only find it necessary to make 


|ment in the spring 


uire to | 9re 








concessions on spot lots. Best Admiralty large coal 
is round 28s., seconds 27s., and Monmouthshires from 
248. 6d. to 26s. Dry large coals are also weaker. Ship- 
ments to-Canada are diminishing, and after the end 
of the month will probably cease owing to the closing 
of Canadian ports by ice. Best dry large is now available 
at 28s., and ordinaries at 27s. Dry nuts, however, 
remain firm and scarce at 37s. 6d., but bituminous nuts 
are round 25s. Smalls of all classes are relatively weak 
on the basis of 16s. 6d. for the best steams and from 9s. 
up for the inferiors. Anthracite coals are also weaker, 
being particularly affected by the French rate of exchange. 


NOTICES OF MEETINGS. 
Tue INstiruTION oF MECHANICAL ENGINEERS. 
Friday, November 17, at_6 p.m., at Storey’s Gate, 
St. James’s Park, 8.W. 1. Adjourned discussion on 
‘Electric Locomotives,” by Sir Vincent Raven, K.B.E. 
Friday, November 24, at 6 p.m., Extra-General Meeting. 





Adjourned discussion on “ Air Compressors,’ by Mr. 
William Reavell, Member of Council. 
THe West Bromwicn ENGINEERING Socrery.— 


Friday, November 17, at 7.30 p.m., at the Technical 


Best large is now offered at. 50s. to 528. 6d. and stove nuts | School, the following paper will bé read: "The Ford 
at 71s. of coal as last week amounted Car; I ‘ Production and Service,” Mr. Sam 
536,000 tons, or 101,000 tons than in the previous | Evans, of the Ford Motor Company, Li » Trafford 
week. ee ee ee ee Park, Manchester. : 
shipments to “o countries” from 90,500 tons to] Jue Junior Instirurion or ENorvwers.—-Friday 
ee” oes. oe phe corel pe fgg: Seno veg pene November 17, at 7.30 p.m., at 39, Victoria-stroct’ 
eae Scions nad Dalen gy other} Forty-first. Annual Meeting. Friday, Novernber 


generally 
trom 216,900 tons to 179,500 tons, to Italy 96,100 tons 
77,400 tons, South America 79,200 tons to 5 
in 40,300 tons to 22,400 tons, and to British coaling 
depots from 69,900 tons to 58,200 tons. Exports 
United States were stationary at 14,200 tons and: to 
Canada at 13,400 tons. 


Iron and Steel.—The Welsh tin-plate makers have 
advanced the minimum price of tin plates by another 
3d. per basis box to 19s. 6d. f.o.b. Bristol Channel : 
Extensive inquiries are in circulation for plates for 
export and quantities have been for ship- 
on the basis of 19s. 6d. Tin bars 
are Steady at 7/. 7s. 6d. per ton for this year and 7/. Wa. 
for January to March next. Galvanised sheets, too, 
steady at 17l. 7s. 6d. to 171. 10s. per ton. Ex 
of iron and steel goods: last week totalled 13,950 tons, 


previous week, Shipments of the heavier grades of iron 
and steel were increased from 4 tons to -3,892 tons, 
black plates from 1,613 tons to 2,056 tons, tin plates 
from 5,899 tons to 7,231 tons, and galvanised sheets from 
237 tons to, 771 tons. from Swansea reached 
8,083 tons, from Newport 3,111 tons and from’ Cardiff 
2,756 tons. 





Tue Nationa AssocraTion oF SupERvIsING ELEc- 
TRICIANS.—-In accordance with its policy of eombini 
technical instruction with the ordinary advantages 
membership, the: National Association of Sw ising 
Electricians arranged a lecture on ‘‘ Wireless Teeareel Vv 
and Telephony ” at St. Bride’s Institute, Fleet-street, last 
Tuesday evening. The lecturer, Mr. H. Anthony Hankey, 
ex-tleet wireless officer, and now of the Marconi Company, 
explained the _ and practice of wireless com- 
munication and direction-finding to a large and appre- 
ciative audience. The lecture coincided with the com- 
mencement of operations by the i pany, 
and by means of an aerial consisting of a single wire 
stretc from end to end of the hall, above the heads 
of the audience, and suitable amplif: and loud- 
eat eae the news broadcasted Marconi 

ouse, from 9 to 9.30 p.m., was made audible to every- 
body in the hall. A Jarge proportion of the news con- 
sisted of records of various cases of fraud, embezzlement, 
disorderly conduct and death, on the of entirely 
insignificant persons, and it is not com to the 
intelligence of the public that the company should think 
such matters worth broadcasti The most interesting 
_— of “news’’ was a semi-official te’ 

onstantinople,- which, however, was definitely con- 
tradicted a few minutes later. Legitimate items of 
news were the rg oa ome returns, the German note 
to the Reparations Commission, and the weather fore- 
casts. Taken altogether, however, and with these 
exceptions, the matter sent out was worth neither broad- 
casting nor li ing to, and if broadcasting is to appeal 
to an intelligent section of the public the dissemination 
of more valuable information should be aimed at. 





Tue tate Mr. Joun Witson.—We regret to record 
the death, on the 6th inst., of Mr. John Wilson, formerly 
of Great Eastern Railway. Mr. John Wilson was 
the son of Robert Wilson, and was born at Ardrishaig, in 
mag ps on April 21, 1846. He was educa at 
Dollar Academy, Clackmannanshire, and on leaving 
served a three years’ apprenticeship in the locomotive 
shops of the Great Western Railway at.Worcester, and 
two years with the Worcester Engine Works. He then 
adopted the profession of civil engineer, and, in 1866, 
came to London to be articled to his uncle, the late 
Mr. Edward Wilson, of 9, Dean’s-yard, Westminster, 
who was consulting engineer to the Great Eastern, Great 
Western, M itan, and other railway companies. 
Among the works on which Mr. John Wilson was actively 
engaged were the Great Eastern’s Metropolitan Exten- 
sion and the construction of Liverpool-street station, 
that company’s East Norfolk lines, and the Banbury a: 
Cheltenham Railway, now part of the Great Western 
system. At the death of Mr. Edward Wilson, in 1877, 
he became a in. the firm of Edward Wilson 
and Co., and it was to their designs and under their 
supervision that Parkeston Quay, which deals with the 
Continental traffic of the Great Bastern Railway, was 
built. In 1883, Mr. John Wilson took up the appoint- 
ment of Engineer-ia-Chief to the Great Eastern Railway 
Company, and remained in their service until his retire- 
ment in 1910. During this period the many new works 
constructed included the enlargement of Liverpool-street 
station to embrace what is now known as the east side. 
Southend and Southminster were coupled up with the 
Great Eastern, Parkeston Quay extended, and large 
developments made in the quays and docks of Lowestoft. 
Mr. Wilson was a member of the Institution of Civil 
Engineers, and the Institution of Mechanical Engineers. 


nd | for appointing auditors ; for 


24, at 7.30 PS oe at 39, Victoria-street. Lecturette, 
“Notes on Waterworks Plant in India,” by Mr, F. E. 
Murrell, A.M.I.Mech.E. (Member). 


Tae Instirorion or Mecuantca, ENGINeErrs : 
Grapvates’ Srotion, Lonpon,—Monday, November 20, 
at 7 p.m., “ Works t,”” by Mr. H. R. Hockley, 

te, of London. Chai Mr. Richard W. Allen, 
C.B.E., Member of Council. 

Tue Insrrrotion or Orvin Enoinerrs : Newcastie- 
Upon-Tyne AssocraTion.—Monday, November 20, at 
7.30 p.m., at the Lecture Theatre, Neville Hall, New- 
rence? fe Presidential Address by Mr. R. F. 
Hindmarsh, M.Inst.C.E. 

Tue Instirvre or Marine Enoineers.—Tuesday. 
November 21, at 6.30 p.m. Paper on *‘ The Evolution of 
the Nobel Diesel Engine” (Part Il), by Mr, G. J. 
Steinheil, B.Sc., Member. 


Tae Institution or ENGringgers AND SuHIPBUILpDERS 
tN Scortanp.—Tuesday, November 21, at 7.30 p.m., in 
the Rankine Hall, 39, Elmbank t, , the 
following will be read and disoussed:. “ The 
Treatment Mild Steel,” by Dr. Walter Rosenhain, 
B.A., F.R.S,; “‘ Launching Velocities and Drags,” by 
Professor Percy A. Hillhouse, D.Sc. 


Tue Instirvre or Transport.—Tuesday, Noyem- 
ber 21, at 5.30 ey the Second Meeting for Graduates 
and Students of the current session will be held in the 
Lecture Theatre of the Institution of Electrical Engineers, 
Victoria Embankment, W.C. 2, when Mr. W. H. Gaunt, 
0.B.E. (Member), will deliver a Lecture on “ The 
Distribution Organisation of a Departmental 
Store.” The chair will be taken by Mr. H. E. Blain, 
C.B.E., Hon. Secretary of the Institute. 


Tue InstiruTIoN oF Crvm Enoiveers.—Tuesday, 





November 21, at 6 p.m. Paper to be read: ** Under- 
ground Waters in the Kent Coalfield, and Their Incidence 
m Mining Development,” by Mr. Edward Forster 


Brown. 


Royat Socmry or Arts.— Wednesday, November 
22, “The Economy of Smoke Abatement,’’ by Ex- 
Bailie William B. Smith, O.B.E. (Glasgow), Member 
of the Departmental Committee on Smoke Abatement. 
The Right Hon. Lord Newton, P.C., D.L., J.P., will preside. 


Tue Association oF Drop-Forcers aNp STAMPERS.— 
Wednesday, November 22, at 7.30 p.m., in the Assembly 
Hall, Chamber of Commerce, Birmingham, a Lecture 
will be delivered by Dr. Leslie Aitchison, D.Met., B.Sc., 
A.I.C., on “ Drop-Forgi : I. Preliminary 
Forging.” Chairman, Mr. Allan G. Foster, M.I.Mech.E. 


Tue Soorery or Grass TecuNotogy.—Wednesday, 
November 22, at 3 p.m., in the Applied Science Depart- 
ment, The University, St. George’s-square, Sheffield. 
The president will speak briefly on “ The Present State 
of the Glass Industry in Czechoslovakia.” The following 
porere will be read and discussed: ‘* The Changes in the 

ly Stages of the Melting of Glass Batches,” by Mr. 
Morris W. Travers, D.Sc., F.R.8., F.LC.; “The Pro- 
duction of Colourless Glass in Tank. Furnaces, with 
Particular Reference to the Use of Selenium,” Part II, 
by Mr. A. Cousen, B.Se., A.R.C.8., and Professor 
W. E. 8. Turner, D.Sc. 


Tue Liverroot ENGIngeerING Socirery.—Wednesday, 
November 22, at 8 p.m., at the Royal Institution, 
Colquitt-street, Liverpool. | Paper on “Stability of 
a Pile Wharf,” by Mr. Somers H:. Ellis, M.Inst.C.E, 





Tue Britis Cast-Iron Resgarcn Assocration.— 
This association announces that the eg 8 oe 
meeting will be held at the Institution of ical 


Engineers, *s Gate, Westminster, Thursday 
next, the 23rd inst., at 3.30, for receiving considering 
the accounts, the balance sheet and the reports of council 


and of the auditors; for electing mémbers of council ; 
dering an amendment 
to Article 15 in regard to the ratés of subscription, 
and for transacting any ordinary business) of the 
association. ts 





Tae Hastines Exvecrriciry Works.—An extension 
of the Hastings electricity works was officially — on 
the 8th inst. These works are among the earliest put 
down in the United Kingdom, having beer in continual 
so for forty years. The original plant consisted 
of Brush series lighting dynamos, generating current at 
2,000 volts and driven through countershafts by under- 
type locomotive engines. The present extensions include 
a 1,125-kw. Brush-Ljungstrém turbo-alternator. In 
1899 the quantity generated in Board of Trade units 
was 542,619, reaching 1,947,769 in the current year ; 
the consumers numbered 361 and 4,005 in 1899 and in 
the current year respectively. 
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100-TON LADLE CRANE AT THE MOSSEND STEEL WORKS. 


CONSTRUCTED BY SIR WILLIAM, ARROL AND CO., LIMITED, ENGINEERS, GLASGOW. 


(For Description, see Page 603.) 
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THE USE OF HIGH COMPRESSION ON 
MOTOR CAR ENGINES. 


WHENEVER a revolutionary tendency is evident 
in design the engineering world becomes divided 
into two parties, those who favour innovation, and 
the larger body who stand for the tried policy that 
has been arrived at by a gradual and systematic 
growth of experience. This attitude of the major 
body of engineers makes for stability and soundness 
in construction. Innovations must not be decried, 
but on the other hand the unquestioning acceptance 
of any proposed considerable change in practice 
before those who are concerned in the application of 
the newly discovered principles can have a complete 
and clear understanding of their significance, can 
lead to nothing but disaster. The recent endeavours 
of some motor car designers to change to a 
great extent the standard practice, by the use 
of considerably higher compression pressures and 
much higher speeds of running with petrol engines, 
have been met with the characteristic caution 
of British engineers in dealing with questions 
involving a complete change of outlook. No one 
would contend that we have reached anything like 
finality in matters of design, either of motor car 
engines or any other machine that is in general 
use and manufacture, but the progress of engineering 
practice has always followed a definite course that 
has proved a safe one. 

In the early days of the production of any machine 
the primary consideration must always be to 
produce a reliable machine that will achieve its 
purpose. The design of the appliance for specialised 
applications and for working at relatively higher 
speeds naturally follows and, with the wealth of 
experience built up by the observatior of the 
machine in action, is carried out with confidence in 
the results. Peculiarities in working are overcome 
by many improvements in detail design and the 
progress secured is continuous. Investigations into 
the physical actions taking place during the opera- 
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tion of the machine are later =a by experi- 
mental workers whose aim is to find how far 
improvements in the efficient use,of, the ‘materials 
employed in the construction can be effected or to 
what extent the production of the machine can 
be increased with economic gain. 

In these days laboratory work has attained a 
considerable degree of importance, because of the 
economies which have been obtained in certain fields 
by the application of the results derived from it. 
Many of our machines in most common use have 
passed the earlier stages in their evolution, and in 
these cases it is to carefully performed and con- 
tinuous experimental work that we must look for 
evidence of any necessity for change of outlook. 

The Institution of Automobile Engineers, recog- 
nising that the advocacy of very high compression 
and high speeds of running with petrol engines is 
becoming increasingly common, organised a debate 
on this subject which was held on Wednesday, 
the 8th inst., in London, at the buildings of the 
Institution of Mechanical Engineers. The Institu- 
tion is to be congratulated, both on the arrangement 
of this meeting at a time when many designers were 
in London for the Motor Show and also on obtaining 
two such authorities on the subject as Major F. 
Strickland and Mr. H. R. Ricardo to lead in the 
debate. The papers of Major Strickland and Mr. 
Ricardo are of great importance as indicating the 
design policy in motor car engines, and are printed 
in full elsewhere in this issue (see pages 627 
and 629). 

The improvement in steam engines which may be 


630 | eflected by the use of higher speeds is due to a series 


of causes that are quite inoperative in the internal 
combustion engine but, without a complete under- 
standing of the differences of these two heat engines, 
it may be assumed that because economies in 
materials and in expense are effected by the use 
of high speeds in the one case that a similar result 
might be expected in the other. Major Strickland 
opened his remarks with references to the essential 
differences of he two engines, in particular to the 
magnitude » the effect of the inertia forces operat- 
ing in an i™.-rnal combustion engine working at 
high speeds due to the absence of such cushion- 
ing actions as are obtained in a steam engine 
from the steam, in the compression part of the 
cycle. In a steam engine other things being 
equal, the power increases directly in proportion 
to the speed as this is increased. With a petrol 
engine the bending stress on the crankshaft due 
to the inertia forces may become so considerable 
at high speeds that it may rise to values much 
in excess of that due to the explosion pressure, 
This, of course, presupposes that the ordinary 
design of the component parts of the engine 
follows the lines which are orthodox to-day. 
With large increases of speed the bearing surface 
must be large and the increased size of bearings 
would necessitate a change in the general dimensions 
and weight of the engine because of the change 
needed in the distance between the centres of the 
cylinders to accommodate the bearings. Here again 
the argument is based on an assumption that the 
present outlook of the designer of details is the one 
likely to prevail which, however, may not ultimately 
be the case. Looking at the question from this stand- 
point, any increase in the speed of running would 
affect the design in two ways which act against one 
another, for the weight may be reduced as the speed 
is increased due to the reduction in cylinder 
dimensions, but as the speed is increased the 
dimensions may need to be increased through the 
increased bearing area required. In consequence 
a balance of the effects may be expected at some 
definite speed beyond which it would be. un- 
economical to go. There are other factors of impor- 
tance besides this question of inertia forces and 
apart altogether from the question of weight, such 
as piston and cylinder wear, the simplicity and 
certainty of operation of lubricating systems and 
freedom from noise, which tend to give the low- 
compression moderate-speed engine a considerable 
advantage. 

In this connection it is to be noted that in many 
countries the American car more than holds its 
own for the reason that it has an engine on which 
reliance can be placed, and which, being of com- 
paratively low speed, can meet any conditions on 
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the road with great ease. As matters stand, we 
think it may be taken that, except in countries 
with extremely good roads, popular opinion prefers 
the low-speed engine for these reasons. If these 
points, however, be weighed in the balance against 
economy, and rather greater weight be given to the 
latter, the low-speed low-compression engine will 
probably in the future have to give way to the 
high-compression, high-speed engine. The tem- 
porary stimulus given by taxation regulations in this 
country also, of course, is in the direction of the 
development of this design. 

When one considers the fuel question the attitude 
towards the whole matter is certainly much changed. 
The factors affecting the question of economy are 
ratio of compression, mechanical efficiency and 
the form of the combustion chamber. Experimental 
work has shown that the compression pressure 
can be increased with a gain in economy up to a 
pressure just below that at which harsh running and 
detonation are experienced. Mr. Ricardo cited 
experimental results which verified this conten- 
tion and showed the magnitude of the increase in 
speed which is possible. If these economical 
compression pressures are adopted, undoubtedly 
the engine cylinders would be of smaller dimen- 
sions for any given power and lighter pistons may 
be adopted, which would run cooler due to the 
reduction of heat flow that has been experimentally 
observed, and the use of which would be accom- 
panied by a reduction in lubrication troubles and 
wear. The research work on petrol engines shows 
that with increased speed the economical compression 
pressure is raised nearly in direct proportion to the 
change in speed. The inertia forces may be kept 
from attaining excessive values, although the speed 
is high, by the reduction in the weight of the piston. 
The design of bearing arrangements to suit the 
changed conditions is, of course, necessary, and if 
properly considered the cylinder centres may be 
kept at such distances as are fixed by the cylinder 
spacing alone. 

A point of considerable importance was brought 
out by Mr. Ricardo when he claimed that valves 
for petrol engines are too heavy. Violent turbulence 
can only be obtained with high velocity of the gases 
and consequently with small valves. A full cylinder 
of gas may be obtained with smaller valves than 
those usually fitted, if the gases have an unob- 
structed entry into the cylinder after passing the 
valves, 

Once it is recognised that an advantage in economy 
of material and fuel can be obtained by the use of 
high compression, and the necessary high speed for 
its complete attainment the design of details to 
meet the new conditions may well put the new 
engine in a position of superiority to the old one. 
The research work undertaken by Mr. Ricardo is 
producing results of great interest to the auto- 
mobile industry, and the application of the deduc- 
tions are certainly likely to have an important 
influence on future design. 








PULVERISED LIGNITE AS BOILER 
FUEL. 

As is generally known, there are in Australia 
enormous deposits of brown lignite coal, the 
utilisation of which is ot great economic importance 
to the Dominion. These coals are found in beds 
of 100 ft. or more in thickness, and at no great 
depth below the surface of the ground. Getting the 
coal therefore presents no difficulties, but its 
efficient utilisation presents problems to which 
much attention is now being paid. The fault of 
the coal, like that of all lignites, is the excessive 
amount of water it contains When to all appear- 
ance it is perfectly dry, it still contains over 40 per 
cent. of moisture, which may be driven off by 
subjecting a powdered sample to gentle heat. 
Coal like this tends to fall to powder when stored 
for any length of time, owing to evaporation of the 
moisture, and it also withstands transportation 
badly. It will not burn on an ordinary chain 
grate stoker because the evaporation of moisture 
in the furnace has too great a cooling effect upon 
the arch, and even if it can be got to burn, its effective 
calorific value is very low because so much of its heat 
is absorbed in uselessly converting into steam the 
moisture contained in the fuel itself. 





On account of the importance of finding some 
practical way of dealing with these low-grade 
lignites, the Premier of Southern Australia has 
interested himself in the subject, and ordered about 
4 tons of South Australian brown coal to be sent to 
the Powdered Fuel Plant Company, Limited, of 
47, Victoria-street, London, for pu of test 
and report. A sample of the fuel as received had 
the following analysis :— 


Calorific value (dry coal) 5,889 B.Th.U. 
Moisture in one 45-04 per cent. 
Volatile matter ... 27-19 py 
Fixed carbon 19-58 od 


Ash pin nde ae ae 8-19 ps 

The fuel, as received, was passed through a turbo- 
pulveriser at the works of Messrs. Price’s Patent 
Candle Company, Limited, at Battersea, and fed 
into the boiler furnaces exactly in the same way 
as bituminous coal is used in the company’s plant. 
The pulverisation was good and was effected with 
little expenditure of power, but otherwise the results 
were quite unsatisfactory. Indeed, little else could 
be expected in view of the enormous quantity of 
moisture carried into the furnace. The combustion 
was very poor, and after the introduction of the 
lignite, the furnace temperature fell rapidly from 
a dazzling white heat to a dull red. The fuel did 
not appear to be burning in suspension at all, but 
remained unconsumed until it fell on the floor of 
the combustion chamber, where it burnt in a very 
uneconomical manner. The test was therefore 
stopped, and it was decided to try the effect of 
giving a preliminary drying to the lignite before 
pulverisation. 

As no drying plant was available at Messrs. 
Price’s works the coal was spread out over the top 
of a Lancashire boiler and an economiser, and the 
moisture content reduced by this means to between 
9 per cent. and 10 per cent. A short preliminary 
trial having shown that success might now be hoped 
for, a final test was made on September 28 last, 
in the presence of Mr. H. F. C. Burton, Inspecting 
Engineer to the South Australian Government, and 
other gentlemen interested. This test was carried 
out on a land-type Babeock and Wilcox boiler with 
a rated evaporative capacity of 8,200 lb. per hour, 
fired by means of a turbo-pulveriser having a 
normal through-put of 1,000 lb. of coal per hour. 
The pulveriser was worked during the test at almost 
precisely this rating, but it appeared that it could 
easily have dealt with 1,500 lb. per hour of the 
kind of fuel in question, with a correspondingly 
greater output of steam from the boiler. The 
bulky nature of the lignite misled the operators as 
to the weight passing through the pulveriser, and 
it was not until after the test that this was accurately 
known. The test lasted 2-8 hours only, as the 
lignite available was so limited, and it included 
three stoppages varying from 3 minutes to 5 minutes 
each, on account of “ tramp” iron in the coal. This 
consisted of nuts and other articles which had 
probably got mixed with the coal when the latter 
was spread out on the boilers to dry. The pulveriser 
was not damaged in any way, but the stoppages 
possibly reduced the overall efficiency of the run 
by a slight extent. The results, however, were 
wonderfully good, an overall efficiency of 76 per cent. 
being obtained for the boiler and superheater without 
economiser. 

Details of the test on September 28, as given us 
by the Powdered Fuel Plant Company, Limited, 
are tabulated below :— 

Test of Pulverised Lignite yong Raising, September 28, 
1922. 


Duration of test 2-8 hours. 
Boiler heating surface... 2,690 sq. ft. 
Superheater heating surface 248 sq. ft. 
Weight of fuel used vide 2,806 lb. 
Calorific value of coal as fired 7,062 B.Th.U. 


Ash content - 
Moisture content ... hee Be 
Total quantity of water evapo- 


18 per cent. 
9-7 per cent. 


rated ve aie oil .«» 13,770 Ib. 
Actual evaporation per pound of 

fuel on ove aon -» 4°9 Ib. 
Feed water temperature entering 

boiler... = wall «» 105 deg. F. 
Average CO2 bes og <i 13-5 per cent. 
Average gauge pressure ... .-- 80 Ib. 
Average temperature of super- 

heated steam... & --» 425 deg. F. 
Efficiency of boiler and super- 

heater only eee eos --- 76 per cent. 


During the above test the economiser was not 





taken into ‘account, as this was serving other boilers. 
The water entering the boiler under test was fed 
from a calibrated.tank. It was estimated that had 
the economiser been in service, the efficiency of the 
whole plant, boiler, economiser and superheater 
together would have been raised by another 9 per 
cent., making an overall efficiency of 85 per cent. 
The ash drawn from the combustion chamber was of 
a friable nature, easy to handle, and coritaining 
no sign of unconsumed carbon. 

As an outcome of these tests, a report has been 
submitted by the Powdered Fuel Plant Company 
recommending that the lignite coals of South 
Australia can be satisfactorily used for steam- 
raising if burnt in a pulverised form after a pre- 
liminary drying to reduce the moisture content to 
something like 15 per cent. This would be effected 
in rotary kilns heated normally by the waste flue 
gases, but arranged for an auxiliary powdered fuel 
burner as well. Each boiler would be equipped 
with a Stein recuperative air heater and a turbo- 
pulveriser. The recuperative air heaters would be 
similar to that which has now been working in the 
Hammersmith Power Station for about two years. 
This is composed of hollow firebrick blocks through 
which streams of air and flue gas pass on the counter- 
current principle. The outgoing flue gases are 
reduced by about 200 deg. F. in their passage 
through the heater, and the heat they give up to the 
incoming air raises it to 300 deg. F. In this case 
the whole of the air required for the furnace is not 
preheated. 








THE SMALL CAR. 


Ir is difficult to estimate the potential demand 
for the class of passenger vehicle which is generally 
referred to as the small car, but there is no doubt 
that this class of car already fulfils the need of a 
relatively large number of people, and that it is 
being viewed with increasing interest by large 
numbers of others who have hitherto felt that a 
heavier and more powerful vehicle was necessary 
to fulfil their requirements. The type of car we 
refer to is not in any sense a freak, but is simply 
the natural result of the trend of modern develop- 
ment in the direction of increasing engine efficiency 
and weight reduction through improvement in 
design and in the materials of construction. Such 
a vehicle can now be bought for a sum in the neigh- 
bourhood of 250/., and this figure places it in the 
reach of a very large number of persons of moderate 
means. It is economical in running costs and fully 
capable of giving satisfaction under conditions of 
service which meet the demands of the majority of 
motorists. 

Up to the present, the type has reached its highest 
development as a two-seater, and although one 
need not question that a four-seater of this class 
is perfectly practicable, it is probable that the 
demand lies rather in the direction of a two-seater 
with a dickey capable of accommodating two 
additional passengers. At first sight it might appear 
that a four-seater offers a more satisfactory solution, 
in so much as it can equally be used as a two-seater, 
while adequate protection can be afforded to all 
the passengers in bad weather—a matter of some 
difficulty in the case of a dickey. But against this 
is the fact that the majority of potential buyers 
of this class of vehicle are men of moderate means, 
and therefore probably of small families, and that 
the car will be driven with only one passenger far 
more frequently than with a full load. Most drivers 
have a psychological objection to driving long 
distances in a four-seater with the rear seats empty, 
and apart from this, an annual tour generally forms 
an item in the itinerary of the car, and in this case 
the dickey forms the natural receptacle for the 
luggage. When in the dickey the luggage is out of 
sight and is also kept clean and dry, and the owner 
has no qualms about his trimming, which forms a 
continual source of worry if he uses the back seats 
of a four-seater for this purpose. 

It is essential that both the front seat and the 
dickey should be of ample width to afford comfort- 
able accommodation for two persons, but we found 
comparatively few cars at the recent exhibition, 
either Olympia or the White City, which fulfilled 
this condition. Many of the models exhibited had 
either “clover” seating or dickey accommodation for 
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only one passenger, and it is likely that by limiting 
the accommodation in this way to three persons, the 
makers are imposing a very severe restriction on 
their probable output. We are aware that they 
adopt this practice in order to avoid the possibility 
of the owner overloading the car, but a study of 
the models exhibited shows that it is quite practic- 
able to manufacture a car in this class fully capable 
of carrying four people. Several makers exhibited 
four seaters in which the rear seats were so cramped 
in length as to be useless for anyone, with the possible 
exception of a small child, and these appeared to 
offer a four-seater in its worst form, without any 
of the advantages of the two-seater referred to. 

It may be admitted that weather protection for the 
dickey seat is a difficult problem, but we do not 
regard its solution as impossible. At least one car 
was exhibited in which the hood always covered the 
dickey seat, but the problem will best be met by 
a dual-purpose hood which will in turn serve either 
as a normal hood for the front seats only, or as one 
to cover both front and dickey seats when necessary. 
We have seen a design of this sort which was 
surprisingly neat. The hood extended backwards 
as well as forwards, and the rear panel of the front 
portion swung outwards to form the side curtains 
for the dickey. The question is mainly one of body 
design. A number of makers at the Show exhibited 
side curtains, which instead of being clipped to the 
hood, were mounted on detachable columns fitted 
on the body capping, and this construction offers 
such obvious advantages over the old method that 
it seems inevitable that it must become standard 
practice. It not only allows an easy entry with the 
hood up, by allowing a portion of the curtain to 
swing with the door, but also provides side exten- 
sions to the screen which can be used when the hood 
is down. A further improvement to the hood at a 
trifling cost is to fit a flap which clips over the rear 
hood light when the hood is down, and hangs over 
the back of the seat when the hood is up. This 
prevents the light being scratched when the hood is 
used as a receptacle for parcels. 

Turning now to the chassis, it may safely be said 
that a conventional design which follows large car 
practice in all essentials has the best chance of 
success. Such a design embodies all the experience 
gained through many years by the larger car 
designers, and appeals strongly to the average buyer. 
Most of the small cars exhibited embody unit 
construction of the engine and gear-box, though 
there is a tendency to return to the back axle as 
the location of the latter unit. The former is 
probably the sounder practice, as any avoidable 
addition to the weight of the axle is to be deprecated. 
We cannot see that the entire elimination of the 
torque tube and any form of radius rod is a step 
in the right direction, though this is a feature of a 
large number of the cars in all classes except the very 
heaviest. While it may be possible to design a 
spring which is capable of taking up the additional 
work without being unduly stiff, the practice throws 
the additional duty of taking up the angularity 
caused by the swing of the axle about its own axis 
on the universal joints, which in many cases already 
work at a considerable angle. The majority of the 
cars exhibited incorporate the flexible disc type of 
universal, and in several cases all other types of 
universal are eliminated. This appears to be 
excellent practice so long as the working angle is 
kept low, as the older types of universal joint were 
one of the most troublesome features on the car. 
Adequate provision should obviously be made to 
lubricate the sliding joint, but in one or two cases 
this point appeared to have been quite overlooked. 

The practice of unit construction for engine 
and gear box practically eliminates the old type of 
transmission brake, and the usual practice is to 
place both brakes on the rear wheels. In most 
cases these were made of ample size, but it was 
surprising to see several examples without any form 
of cover, the shoes being directly exposed to any 
dirt that might be thrown in. This appears to be 
inexcusable, as a suitable cover could be incor- 
porated in the design at a very trifling cost. It 
was also a matter of regret to see the great increase 
in the use of stranded wire for operating the brakes 
in all classes of car. Experience shows that such 
wires get practically no attention from the owner- 
driver, as they are in a relatively inaccessible 





position. As a result, if they are carried over 
pulleys, the latter generally seize up through lack 
of lubrication, and the strands of the wire gradually 
chafe through at the points where it makes an acute 
angle. This disintegrating process is assisted by 
the rusting of the wire itself, and we have known 
of several serious accidents due to the final parting 
of the wire under the exceptional stress due to the 
sudden application of the brakes in an emergency. 
In several cases the wire was carried through bent 
tubes instead of over pulleys, and this must in- 
evitably hasten the chafing process. The practice 
of forming the brake-compensating mechanism by 
the utilisation of a wire of this sort coupling the 
brakes, and carried through a transverse tube bent 
at each end is particularly unmechanical. The 
average owner has no conception of lubricating 
such an arrangement, and as a result, the coefficient 
of friction soon reaches such a figure as to render 
the compensation entirely inoperative. In many 
cases where brake cables were used, the arrange- 
ments for taking up the stretching of the wires 
appeared to be totally inadequate, and we observed 
one case in which no provision whatever existed 
for this purpose, the wire being sweated into non- 
adjustable shackles at each end. 

Turning to the engine, there appears a tendency 
to reduce the capacity to bring the Treasury rating 
below 10 h.p., and this again is a step which is 
likely to hamper the car in securing a position in 
the large market available. These engines, in fact, 
in common with the various twin-cylinder types, 
must tend to rule the car out of the market to which 
we have particularly referred, while in many cases 
the price of the complete vehicle is higher than 
that of cars having a Treasury rating of 11 h.p. 
or more. Many of these cars with small engines are 
simply freaks, and will no doubt appeal to the limited 
public who like freaks, but with whom we are not 
at the moment concerned. An engine capacity of 
1,200 c.c. is a minimum for the car we have outlined. 
No doubt a smaller engine can be made to give satis- 
factory service, but only at the expense of an amount 
of attention that the average owner has neither the 
time nor the ability to give. In view of prices 
ruling at the Show, it seems a reasonable assumption 
that with an output that is quite feasible in view 
of the potential market, it is possible to produce a 
two-seater with double dickey at a price in the 
neighbourhood of 225/. This should be an all-on 
cost, to include electric lighting and starting, spare 
wheel, side curtains supported on the bodywork, 
speedometer, and petrol gauge. The latter fitting 
is of much greater importance than a clock—a 
point which many makers apparently fail to realise. 





THE GALICIAN-CANADIAN SYSTEM OF 
POLE-TOOL DRILLING. 

TEN years ago the oilfields of Galicia were seriously 
endangered by an inrush of water which was 
ascribed to a diminution of the gas pressure, that had 
so far kept the water in check, threatening, it was 
feared, the approaching exhaustion of the fields. 
The worst period of the water trouble seemed to 
have passed by 1915. But the water is still gaining 
in some fields, and the irregular conditions of the 
strata, which frequently change several times from 
hard to soft within a few feet, make operations 
generally difficult. These difficulties were discussed 
before the Institution of Petroleum Technologists 
by Mr. Albert Millar, last Tuesday, in a paper 
on the “ Galician-Canadian System of Pole-Tool 
Drilling.” The paper was supplementary to Mr. 
Millar’s paper on “The Galician Petroleum In- 
dustry,” which we briefly noticed in our issue of 
April 21 last, and supplementary in a sense also to 
the paper on “Percussion Plant for Oil-Well 
Drilling,” which Mr. M. A. Ockenden and Mr. A. 
Carter had presented to the same Institution in 
1919 (see ENGINEERING, June 27, 1919, page 830). 
Mr. Millar had had a share in the preparation of this 
latter paper, to which we should refer our readers. 
Messrs. Ockenden and Carter had given specifications 
of the equipments needed for the main systems of 
percussion or cable-drilling. The Canadian system 
is one of these, and Mr. Millar dealt particularly with 
the modifications which the Canadian system has 
undergone in Galicia and with the ways in which 
difficulties are overcome. 


With the pole-tool system every change in the 
formation becomes at once apparent to the driller, 
which signifies a great deal in Galicia. The loose 
belts used allow for much give and take, so that 
strains on rods, casing, rig and derrick are reduced ; 
the amount of power necessary to be transmitted by 
the belts is controlled by the driller with the aid of 
jockey pulleys. The belts can also be used to 
supplement the braking power of the ordinary 
brakes for the draw and sand line spools, by simply 
running the belts in the opposite direction to that 
of the spool when lowering the bailer, tools or casing. 
For these and other reasons the Canadian system, 
Mr. Millar stated, is in exclusive use in Galicia at 
the present time. Other systems had been tried, and 
perhaps had not been given a fair trial. Cable drilling 
with manila ropes had not answered ; wire ropes had 
often given “ flat ” and crooked holes. The Fauck 
and other water-flush systems had also had their 
trials; mud-flushing might have better chances. 
The American rotary system, which was tried in 
1913, had not been a success, probably for want of 
co-operation between the American drillers, who 
had attempted to break record in territory of which 
they had no knowledge at all, and the local oilmen 
who were prejudiced against innovations and 
generally had not the mechanical training to keep 
their block and tackle and tools in order. Mr. Millar 
rightly accentuated the importance of these pointe, 
and he agreed with other members, rising during 
the discussion at the meeting, that the rotary 
system, though not recommendable for prospecting 
in unknown ground, would often prove successful 
finally. As regards power, electricity was only 
now replacing steam; several wells were being 
drilled with Diesel engines. 

The derricks and rigs are constructed of wood 
(white pine) and “ doubled,” an outer derrick being 
built round the inner, for strengthening ; our Fig. 14, 
on page 833 of our vol, cvii of 1919 quoted, shows a 
wooden derrick. Wooden derricks absorb sudden 
shocks well, and some elasticity is indeed required 
for drilling wells more than 1,300 m. (over 4,200 ft.) 
deep to be lined with casings weighing 70 tons. 
The belts are all camel hair, 14 mm. (0-565 in.) thick ; 
the engine belts may be 17 m. (56 ft.) long. The 
favourite boiler is a locomobile boiler fitted with 
a Fox corrugated fire-box and with a superheater 
in the upper part of the smoke-box and lower part 
of the smoke stack. These boilers may safely be 
forced for months in ways which would be disastrous 
to other types of boilers, provided attention be given 
to placing a suitable brick wall in the box. But 
when the well begins to produce, and when con- 
tinuous scrubbing is required, and pumps, dynamos, 
&c., have to be run, Mr. Millar would rather instal 
a large bricked-in boiler, eg., of the Tischbein 
type, than group several locomobile boilers. The 
insulation of the steam lines leaves much to be 
desired in the Boryslaw-Tustanowice-Mraznica 
field (south-east of Lemberg or Lwow), in which 
Mr. Millar has been working. 

What Mr. Millar said about drilling bits and other 
parts of the rig, and their uses can only be briefly no- 
ticed, without complete illustrations. The eccentric 
bits introduced thirty years ago are still those chiefly 
employed. The hoof bit (the name refers to the 
shape) is used with much success for straightening- 
out holes which have become crooked, and is very 
valuable also for side-tracking casing and lost tools. 
The under-reamers are of the Fauck double under- 
reamer type, and it is becoming customary to screw 
two or three double under-reamers together, with 
a long sinker bar both below and above the under- 
reamers, when holes have to be straightened out. 
Under-reamers are, however, seldom used for holes 
of more than 10 in. diameter. The usual stroke for 
jars is 10 in. for drilling, 20 in. and more for fishing 
and swabbing. The drilling rods or poles were 
first made of ash or hickory, later, iron rods became 
universal, The iron must be a first-class metal, of 
a tensile strength of about 40 kg. per square milli- 
metre (25 tons per square inch); mild steel rods 
quickly become brittle. The life of good iron rods 
drilling at a depth of up to 5,000 ft. is about three 
months, whilst mild steel rods may fail in the first 
month, especially when working in sticky forma- 
tion. Rods 11 m. (36 feet) in length may be found 
to have stretched by 2 m. or 3 m. (10 ft.) when 
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jarring. The rods should, therefore, be annealed 
before leaving the works. When this is done later 
in the oilfield, as some speakers mentioned, the 
annealing of heavy rods, 36 ft. long, is not likely to 
give homogeneous results. 

Fishing instruments are required in great variety 
when drilling with the Canadian pole-tool system. 
The fishing may take days and even months, and 
requires great skill and patience. The fishing poles 
are made of mild steel in three sizes, ranging in 
diameter from 40 mm. up to 70 mm. (1-6 in. to 
2-8 in.); the length is 8-5 m. (28 ft.). When the 
tool attached to the pole has taken hold, and jarring 
or direct tackle pull will not loosen the object to 
be recovered, screw-jacks (hydraulic jacks are apt to 
freeze in Galicia) are applied until the poles (the 
weight of which has been taken up) have stretched 
by about 3 in. The poles are then left to recover 
themselves for 12 hours or so, and these operations 
are then repeated time after time. Among the fish- 
ing tools the “ universal socket ’’ is considered one 
of the most reliable. The most difficult fishing jobs 
occur, as Mr. Millar exemplified by photographs, 
when casings are torn into strips and are telescoped 
into one another, or tools have run away with several 
hundred metres of rods and been twisted. In such 
operations strings of 1,100 in. length have been 
stretched by 12 m. (40 ft.). Frozen casings are 
loosened up by passing steam into the well for 
about 24 hours. The wall thickness of sheet-iron 
casings may be 9-5 mm. (0-37 in.). Yet even these 
walls are sometimes pierced by apparently small 
quantities of gas, accumulating in practically gas- 
less wells behind the casing, as if a projectile had 
passed through the metal. When water shut off 
behind the casing produces a similar collapse of a 
casing, the ultimate cause of the collapse, Mr. 
Millar thinks, may be the uplifting of the water 
standing within the casing by released gas. One 
member mentioned that water, leaking in from the 
surface and collecting behind the casing, could be 
withdrawn by perforating the casing. 

Oil is largely raised by swabbing in Galicia, 
where flowing wells are scarce and pumping is used 
only in wells down to 800 m. (2,600 ft.) depth. The 
swab is a kind of plunger fitted with a ball valve; 
the casing column of the well acts as working 
barrel. The swab is encircled by a rubber ring 
which will last 10 or 20 days during which it may 
travel some 10,000 km. and lift up to 1,200 tons of 
oil. The swabbing set comprises a pair of jars, 
and above them a sinker bar. Mr. Millar would 
increase the speed of the swab as it ascends, but 
slow down 100 m. before approaching the mouth. 
A well with a 6-in. casing, 1,400 m. (4,600 ft.) deep, 
would require a winding engine of 250 h.p. to bring 
up 200 kg. (420 lb.) of oil when raised at an 
average speed of 10 m. per second; each lift 
occupies about 3 minutes. The stress on the rope 
during swabbing must be very severe, especially 
in starting; the suction effect which it has on 
the casing is generally beneficent to the working. 

Mr. Millar’s tables of dimensions and specifications 
will be appreciated as much as his notes on field 
practice, though he could not give information 
as to cost and leading firms. With the industrial 
problems he had dealt last April. 


THE MARINE AND SMALL CRAFT 
EXHIBITION. 

Tue utilisation of the internal combustion en- 
gine for the propulsion of a boat was demon- 
strated by Daimler on the River Seine a few years 
before Messrs. Panhard and Levassor introduced 
the motor car transmission system which marked the 
real beginning of the moter car industry. The 
use of the petrol engine for transport by road has, 
as was to be expected, exceeded the use in water 
transport, but the disparity in magnitude of develop- 
ment is quite out of all relationship to the pleasures 
afforded. Cheap reliable motor cars have been for 
long available, but motor boating has always 
appeared to be only a rich man’s hobby. 

The cost of motor boats has been kept high by 
the method of production. Each boat was, in the 
past, an individual piece of work. Motor boat 
engines were standardised in the somewhat loose 
sense that the word is used in this country, that is 
to say, that each maker was concerned with the 








production of a range of models of various horse- 
powers and speeds. This attitude may be quite 
acceptable to those who desire to have their re- 
quirements met, no matter what the cost, but if 
the use of smaller craft by the general public is to 
be fostered a new outlook must be shown by the 
builders. A certain endeavour is now apparent 
of a desire to meet the requirements of the larger 
number of potential purchasers of motor boats by 
the production of cheap standard boats. It seems 
still, however, to be the attitude among the trade 
to build boats to meet any requirement whatever. 
Were the question of production looked at from the 
standpoint of the manufacture of one model only 
in each works, with plant expressly designed for the 
purpose, costs of building could be reduced to a 
great extent, and whoever has the courage to face 
the manufacture of such a standard motor boat 
and forego the building of any other type of craft, 
would benefit by the reduced prices he could offer 
to his increased number of clients. 

The exhibition in the Royal Agricultural Hall, 
Islington, London, which was opened to the public 
on Tuesday last marks a new departure in such 
exhibitions, as vessels propelled by power and sail 
are both shown, but no commercial classes of boats 
are exhibited. Another innovation was the formal 
opening of the show on Wednesday, the 15th inst., 
by wireless telephony, by the Duke of York, who 
addressed the people present by means of a wireless 
set installed at Buckingham Palace. 

The exhibition remains open until Friday, 
November 24, and has much to show to the boat- 
ing public in the progress made in development 
both on the design of the hulls and in the machinery 
equipment. 

The design of a standard cruising boat has pro- 
vided the motor boat builders with many problems. 
Endeavour has been made to get down to the 
smallest dimensions possible in order to keep the 
price toa minimum. Each designer seems to have 
an outlook distinctly different from the others in 
what constitutes the limit of dimensions beyond 
which it is undesirable to go. Mr. Pemberton 
Billing has, in association with the firm of Maynard, 
of Chiswick, gone to extremes and the boat exhi- 
bited, well termed ‘“‘ The Limit,” has a length of 
only 13 ft. 9 in., a beam of 6 ft. 7 in. and a draught 
of 20 in. This boat has a cabin with two seats 
6 ft. 6 in. long and is propelled by an outboard type 
of motor. Sails with an area of 183 sq. ft. are used 
as an alternative method of propulsion. 

The design of the smallest practicable cruiser 
of the Walton-on-Thames Launch Company shows 
a boat 20 ft. long with a beam of 6 ft. 3 in., which 
is fitted with a 6 h.p. Watermota engine. A cabin 
with galley and two settee berths is provided. 

The Railshend Launch and Boat Company, of 
Isleworth, show a 25 ft. cruiser which has a beam 
of 8 ft. and 2 ft. 9 in. draught. This boat has a 
small but comfortable cabin with sleeping accommo- 
dation for two and corner cupboards. Galley 
fittings are placed beside the engine, which is a 
10-12 h.p. 4-cylinder Ailsa Craig motor running on 
paraffin. 

The Royal National Lifeboat Institution have an 
interesting display of the equipment used by them 
in their invaluable work. The institution is making 
increasing use of motor propulsion for their boats 
and is soliciting funds to facilitate this develop- 
ment. They have designed a standard engine to 
meet the exacting demands they have to meet, 
and are building more and more units as funds 
become available. A 35 h.p. tractor made by 
Messrs. Clayton and Shuttleworth is displayed 
to give the public some idea of the transporting 
and launching equipment used by the institution. 
This type of tractor was described in ENGINEERING 
of June 4, 1920. The lifeboat shown is mounted 
on a transporting carriage designed for use on soft 
sand. 

River launches of many sizes, ordinary rowing 
boats, racing skiffis and sailing boats, including 
a 6-metre yacht built by Messrs. Camper and 
Nicholson, of Southampton, are all on exhibition. 

The fast 18-foot launch shown by Messrs. Hugh 
McLean and Sons, of Glasgow, perhaps the most 
interesting example of standardisation in the whole 
show, has a V-bottomed hull built up from galvanised 





annealed mild steel plates of 16 B.W.G. The design 
has been produced to give the minimum number 
of seams. The stem and keel are made from one 
piece of flat bar iron and the engine bearers are 
made of flanged mild steel plate. The floor is of 
pine, while the deck and seats are of varnished 
mahogany. The engine installed is the Cady 
Ford, which gives 16 h.p. on petrol when running 
at 800 r.p.m. In this engine the cylinders, detach- 
able heads, valves, pistons, connecting rods, crank 
shaft, &c., are standard Ford parts, and replace- 
ments can readily be obtained. The lower half 
of the crank case is made of cast iron and the fly- 
wheel is totally enclosed. The main differences 
from the usual car engine are the installation of a 
rotary water pump and an ordinary type of magneto 
with a starter arrangement. The gun metal pro- 
peller is driven through a Paragon reverse gear. 
The petrol tank is of the standard Ford pattern, 
and the steering wheel is also the same as used in 
road vehicles. The speed of the launch is given as 
12 knots. The complete outfit is sold at 200I. 
A standard dinghy with a steel hull is also shown, 
and here again sturdiness and cheapness are the 
characteristics. Standard designs of small cruisers 
are to be seen on many of the stands as well as 
boats of the sailing type. 

Interesting examples of engine equipment for 
various sizes of boats from small outboard motors 
for use with very small craft, up to 50 and 60 h.p. 
sets, are available for inspection and for the 
comparison of British, American and Swedish con- 
struction. The smaller sizes are in the majority. 
Outboard motors with single cylinder engines, with 
two cylinders horizontally opposed and with two 
cylinders side by side all working on the two- 
stroke cycle, are shown on many of the stands. 
These complete power units, comprising tank, 
engine, magneto or coil ignition system, shaft, 
propeller and rudder are in common use for the 
propulsion of small boats, and considering their 
size and weight are really reliable machines. The 
use of two cylinders with a double throw crank- 
shaft gives an explosion every stroke and the 
consequent easy running and even turning effort. 
We hope to describe and illustrate some of the more 
interesting examples of engines in our next issue. 








NOTES. 
ELecrric LocoMOTIVES FOR THE SOUTH OF 
France Rattway. 

Tue trials of the first continuous current loco- 
motive for the South of France Railway Company 
took place on October 30, between Pau and Lourdes. 
Several years before the war, according to Le Génie 
Civil, the company prepared a programme for the 
electrification of its lines, on the basis of the direct 
utilisation of 12,000-volt single-phase current. Trials 
with this form of current revealed great disadvan- 
tages, particularly in the shape of disturbances in 
neighbouring telegraph and telephone services. 
Owing to this fact and after a study of the electric 
traction systems in use in different countries, the 
Minister of Public Works decided to require the 
use of continuous current by all the French railway 
systems, and a Government decree, dated August 29, 
1920, established a programme of electrification 
common to all the companies. The current is to 
be distributed by third rail, or by an auto-compen- 
sating, flexible catenary line. On these bases the 
South of France Railway Company took up the 
problem afresh, and established its present system 
of electric traction by 1,500-volt continuous-current 
locomotives. The first engine is the one tested 
on October 30. It is destined to haul goods 
trains and ordinary passenger stopping trains. 
It is also to be used for hauling express trains 
on steep grades. It is of the double-bogie, 
total adhesion type. Its total weight is 72 tons, 
equal to 18 tons per axle. The two bogies are 
identical, and each one carries two motors develop- 
ing each from 250-h.p. to 350-h.p. The power of the 
engine in regular service is 1,000-h.p., which can be 
raised during one hour to 1,400-h.p. The tractive 
effort is 15 tons, and the maximum speed in the 
neighbourhood of 90 km. (about 56 miles) per hour. 
The motors have forced ventilation, and drive the 
axles by two sets of double-reduction gear. For 
increased. speeds the fields of the motors can be 
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weakened to the extent of 60 per cent. without 
detriment to the commutation. The contactors 
are operated mechanically by a camshaft driven by 
an electric motor under the control of the driver. 
This insures a regular sequence in the actions. 
The control gear is supplied with current at a 
pressure of 120 volts by means of a small motor- 
generator taking direct traction current at 1,500 
volts, the current from the motor-generator being 
also used for lighting and heating the engine, for 
driving the air compressors, etc. The fans for 
ventilating the main motors, one on each bogie, 
are keyed on the shaft of the step-down motor- 
generator. The electric equipment also contains an 
exciter for use during regenerative running. Other 
locomotives have been designed for fast train 
service ; they are generally similar to the above, 
but have a maximum power of 2,250-h.p. 


Spontangous IGNITION OF EscapInc HypDROGEN. 

A further contribution to the inquiry into the 
cause of the spontaneous ignition of escaping hydro- 
gen, with which we dealt on page 502 of our issue 
of April 21 last, is given by P. Pothmann in the 
Zeitschrift des Vereines Deutscher Ingenieure of 
September 30. Pothmann’s experiments, conducted 
with the hydrogen plant of the German Navy at 
Ahlhorn, are interesting particularly because they 
show the influence of water vapour on the ignition, 
by electrostatic discharge, of inflammable gases. 
The experiments of Nusselt, which we noticed on 
the previous occasion, had proved that in the 
absence of all dust, and especially of the finest dust 
of the oxides of iron and manganese, ignition need 
not be feared. Experimenting like Nusselt in the 
dark, Pothmann observed that a jet of dry steam 
remained unelectrified, whilst a jet of wet steam— 
as Armstrong found out in his hydro-electric machine 
of 1860, and Faraday investigated at the time— 
assumes a negative charge, which Pothmann found 
to be highest in the core of the jet. Jets of dry air 
and carbon dioxide did not become charged. But 
when mixtures of air or hydrogen with water 
vapour were allowed to escape through a leaky 
flange, potentials of 10,000 volts were observed 
at a distance of about 5 in. from the flange, 
even when only 3 per cent. of moisture were present 
in the mixture; the potential was higher in the 
moist gas than in the direct steam jet. When, 
however, the gas and water were heated together 
to 200 deg. C., so that the escaping gas mixture 
contained dry steam, no potential was set up. 
The further experiments made with gases discharged 
from boilers at high pressures confirmed the con- 
clusion that the ignition of hydrogen requires the 
presence of a solid or liquid phase and further 
of a glow discharge. As the gas pressure increased 
the glow discharge became more powerful. When 
the pressure of the forced-out moist gases exceeded 
40 atmospheres, the luminous glow surrounding 
the apex of the expanding conical jet attained a 
length of 20 in., and the rays became curved inward ; 
yet this glow discharge did not cause ignition, though 
the electric charge was sufficiently strong to give 
sparks of more than 3 in. in a spark gap inserted 
in the circuit. But when the spark gap was placed 
close to the jet, in the glow discharge zone, ignition 
resulted; when, further, either the steam or the gas 
or both were at higher temperatures, the danger of 
an ignition was increased. The danger is also great 
at ordinary temperature when the water is present 
as spray or as ice. That is important from the 
point of view of the phenomena of atmospheric 
electricity, and it must not be overlooked that 
there may be risk of frictional electric discharge 
also when jets of hydrogen or methane rush out 
from the coal. through small apertures in dusty 
mines even when damp. 


SyntHetTic Rusper FoR ELectric INSULATION. 


By the irony of fate the technical preparation of 
synthetic rubber was finally accomplished, after 
many partial laboratory successes, in 1909, when 
rubber prices which had been constantly rising 
dropped abruptly and subsequently continued at a 
low level. The time for the process which Drs Fritz 
Hofmann and Coutelle had worked out in the 
Elberfeld Farbenfabriken of F. Bayer and Co. 
arrived, however, during the war, when the German 
Government had to requisition all old rubber, 





from tyres to waterproofs. By treatment with 
acids or alkalis or both, old rubber was first re- 
generated ; soon the production of synthetic rubber 
had to be taken up energetically, and finally 154 
tons of it were produced in one month, September, 
1918. The essential constituent of natural caout- 
chouc isoprene, is a derivative of butadiene, 
CH, = CH — CH = CH,, in which one H of a CH 
group is replaced by methyl CH,; when we replace 
the second H similarly we get the methyl caoutchoue 
of Hofmann, which is more easily manufactured 
than isoprene, and was preferentially produced. 
There are various raw materials for isoprene, none 
cheap, unfortunately: cresol, acetone, from coal or 
wood tar, alcohols, starch, and certain residues of 
the sugar and petroleum industries ; the reactions 
are always complex. The more or less pure isoprene 
obtained is a liquid which has to be polymerised into 
the peculiar colloid we call caoutchouc ; the poly- 
merisation means the union of two (or more) chain 
molecules to a ring compound, and this poly- 
merisation is very difficult to control. Hofmann 
could not buy acetone ; beechwood was too expen- 
sive; the putrefaction of potato starch by a peculiar 
bacterium proved troublesome, so that finally 
acetone was prepared from calcium carbide and 
acetylene, and the isoprene was polymerised with 
the aid of powdered aluminium either at low 
temperature in five months, or at a very much 
higher temperature in three months. Thus a soft 
caoutchouc and a hard caoutchouc were produced, 
to which later « third product, polymerised in the 
course of weeks, was added. These rubbers have 
to be mixed with certain resins and albumenoids, 
being too easily oxidised when pure, and further 
with “elasticators and conservators.” They were 
tested on behalf of the German Navy in the various 
large cable works. Mechanically the artificial rubbers 
do not equal the natural product ; but they are good 
electric insulating materials though not to be recom- 
mended for high-potential high-frequency currents, 
Theoretical research on rubber will probably con- 
tinue, for its constitution is not quite certain yet. 
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The Chemistry and Technology of Gelatin and Glue. By 
Rosert H. Boece, M.S., Ph.D., Research Chemist 
for Armour and Co., of Chicago. New York and 
London: McGraw-Hill Book Company, Inc. 1922, 
[Price 30s. net.] 


Tus work is an evidence and the outcome of the 
increased appreciation of the value of scientific 
research now exhibited by industrialists. Among 
the promoters of the new movement is the firm of 
Armour and Co., of Chicago, who early recognising 
the benefits arising from a closer connection between 
science and industry have provided the means for 
prosecuting an elaborate investigation into the 
chemistry of the protein colloids, among which 
glue, and in its purer form, gelatin, conspicuously 
figure. The author, Dr. Bogue, is charged with the 
conduct of the laboratory, and the success with 
which he has pursued his researches into some of the 
subtler phases of colloid chemistry is well known, 
Convinced of the important part that colloids will 
play in every field of chemical research, he has 
planned this book to be of equal service to the 
chemist and technologist. He divides his treatise 
into two parts; in the former he discusses and 
co-ordinates the wealth of material that is scattered 
through the scientific journals of the last few years : 
in the latter, in collaboration with Mr. R, C. Shuey, 
chemical engineer of the Redmanol Chemical 
Products of Chicago, he describes the technological 
aspects of the manufacture of glue. 

In the earlier chapters, after setting out some his- 
torical notes which show the long continued use of 
glue in industry and the arts, and of statistics 
indicating the extent of the present commerce, the 
main subject is introduced by describing the com- 
position of the proteins or more particularly the 
sclero-proteins from which the jelly forming 
albuminoid, collagen, the direct parent of gelatin 
is derived. Collagen is not found in animal organisms 
except in connection with other nitrogenous 
substances, which in the process of hydrolysing mix 
with the gelatin solution. Other proteins as keratin, 
elastin, mucin, may also be present. Keratin 





derived from the nails, hoofs, horns, etc., of animals 
has no jellying power and must be regarded as an 
adulterant of no value in glue. The difference 
between glue and gelatin from a chemical point of 
view is simply a distinction of purity, and even 
in commercial parlance, the edible variety of 
gelatin differs from the technical only in containing 
traces of such ingredients as may be permitted or not 
forbidden by the Food Acts. The preparation of 
pure gelatin is not difficult, though care is necessary 
to prevent the gelatin molecules undergoing further 
hydrolysis into proteoses, peptones or animo acids, 
but the determination of the physico-chemical 
properties presents some difficulties, which have 
not yet been entirely overcome. In particular 
one might refer to the various values assigned to the 
osmotic pressure in which the application of 
independent methods leads to very discordant 
results. Similarly in the numerical values of the 
molecular weights great inconsistencies are revealed. 
Much of the discordance probably arises, as Jacques 
Loeb has pointed out, from neglecting to maintain 
the hydrion concentration at a uniform value. 
Loeb worked with quantities of acids and bases 
which produced equal hydrogen-ion concentration 
in the solution ; a most important point in dealing 
with amphoteric proteins as gelatin, a colloid which 
is capable of combining with either anions or cations, 
according to the degree of hydrogen-ion concentra- 
tion of the medium in which it is immersed. At the 
isoelectric point or the condition of electro neutrality 
at which gelatin migrates to neither electrode, but 
behaves as a neutral molecule, the hydrogen-ion 
concentration is represented by pH = 4°7, and if 
the pH exceeds this figure the gelatin behaves as an 
acid, combining with cations, if the pH is less the 
basic tendencies are in excess and combination 
with anions follows. 

Loeb, to whose work full justice is done here, has 
shown that besides the properties of gelatin already 
mentioned, many others such as conductivity, swell- 
ing, alcohol number and viscosity are materially 
influenced by the concentrations of the acid used. 
These have their minimum value at the isoelectric 
point, and increase on either side of that point with 
varying degrees of rapidity according to the charge 
on the ion. If these conclusions do not contradict 
the older views absolutely, they place the chemistry 
of gelatin and of amphoteric proteins on an entirely 
new footing, and many views accepted on authority 
will have to be reconsidered. Among the more 
conspicuous is that of the well-known Hofmeister 
and Pauli series of ion reactivity with proteins. 
Doubts of the validity of the deductions have long 
been entertained by various experimenters, notably 
Posternak, but the essential ground for rejection, 
founded on failure to measure the pH values seems 
decisive. The revolutionary character of Loeb’s 
work effects more or less the value of the suggestions 
which would explain the reactions obtaining in 
colloidal solutions as due to a special type depending 
upon adsorption, degree of dispersion, &c, He would 
regard the older established laws of solution as 
sufficient. Classical chemistry is seen to be reassert- 
ing itself, and the necessity for insisting on excep- 
tional conditions is disappearing. The conception 
of colloid chemistry as the chemistry of special 
dimensions need not be lightly thrown aside, but the 
exact measurements which have founded scientific 
chemistry are needed to prevent the chemistry of 
the proteins becoming hopelessly vague and specu- 
lative. Loeb has definitely stated, and Dr. Bogue 
apparently approves the creed, that “acids, 
alkalies, and neutral salts combine with proteins by 
the same chemical forces of primary valence by 
which they combine with crystalloids and that, 
moreover, the influence of the different ions upon 
the physical properties of proteins can be predicted 
from the general combining ratios of these ions.” 
The grounds on which these conclusions rest are set 
out in the fifth chapter on “ Gelatin as an Amphoteric 
Colloid,” a chapter that we are disposed to regard as 
the most interesting and important of the book. 

We would gladly have referred to many problems 
that arise when gelatin is considered as a lyophilic 
colloid, particularly in connection with the theories 
of emulsion and viscosity, but these theories like 
many others of hardly inferior interest belong 
to the science of colloid chemistry generally, rather 
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discussion in this treatise is somewhat accidental, 
owing to the fact that gelatin has been made the 
vehicle for demonstrating the phenomena exhibited 
by colloids and examining their behaviour. 

Glue is cooked from the hides of bulls, said Pliny, 
and some nineteen centuries later, Mr. Shuey assures 
us that in essentials the glue-making prdcess consists 
of nothing more than the production of a concen- 
trated soup stock, or consommé, from certain 
animal refuse with subsequent purifying and 
drying. Competition between trades has limited 
the gluemaker in the use of raw materials, but 
experience and science have turned to good account 
what the tanner and others have left, though 
contrary to popular belief, horns and hoofs find 
no place. The cleaning, cutting, and maceration 
of this refuse do not greatly differ from similar 
operations in many trades, but the process of 
“liming,” to dissolve out the albuminoids and 
mucinous constituents, is of a special character 
since the removal of these has to be effected without 
allowing the hydrolysis of the collogen to progress 
far enough to cause appreciable solution. Boiling is 
the next process and dne of the greatest importance, 
but unfortunately incompatible conditions are 
encountered in the operation and the practical 
worker has to choose between evils. Low tem- 
peratures and rapid extraction are inconsistent, as 
are high concentrations and frequent applications 
of fresh water. The deductions of science in deter- 
mining method are unimpeachable, but fail to be 
realised in actual practice. After clarification and 
filtration, the liquors are sent to the vacuum pans 
for treatment by processes which are common to 
many manufactures, however much details may 
vary. The process of chilling, cutting, and spreading 
requires much space, and inuch machinery is 
introduced which is well described. 

The result is the “ flake” glue of commerce. Bone 
glue differs but slightly, but neither of these is 
water resistant, though the addition of formaldehyde 
and of potassium bichromate gives a fairly satis- 
factory result. But a glue that is at once insoluble 
under a drastic treatment of hot and cold water, 
and will retain a fair degree of its original strength, 
is best prepared from casein and blood albumen. 
Till the last few years, casein as an adhesive was 
little known outside the bookbinding and veneer 
trades, and it was the requirements of aircraft 
production that led to its manufacture on a large 
commercial scale. The only source of casein is 
milk, and to prepare it by coagulation several 
methods have been in use, but all failed to give 
satisfaction when used on a large scale. The new 
procedure that was devised is practically founded 
on the fact that casein is an amphoteric electrolyte 
having its isoelectric point pH at 4-6. At this 
hydrogen-ion concentration, the casein is least 
soluble, and is uncombined with any anion or 
cation in the solution. Casein is a calcium caseinate, 
and with pH 4-6, the calcium is practically zero. 
As the pH diverges from 4-6 the calcium increases 
and cannot afterwards be removed by washing. 
The process proceeds without any special difficulty, 
but manufacturers note anomalous differences in 
the glue prepared from casein, treated with lactic 
acid, mineral acid or rennet. As the chemical 
examination of the casein derived by these various 
methods shows a uniform result, the cause of the 
variation is not clear, but practically the differences 
have been traced to the varying amount of water 
required in the course of manufacture. Blood 
albumen glue is another product of war time activity 
in response to the demand for water resistant 
plywood for aeroplanes. Owing to rapid decrease 
in the solubility of the albumen with age, however, 
it is not placed on the market. Isinglass which is 
not strictly a gelatin but collagen, and fish glues 
composed mainly of proteones and peptones, are 
near enough to commercial glue to deserve a 
section, and perhaps on the downward scale, size 
might find a place, for it is impossible to give a 
definition of glue. 

With such a variable product, tests are of little 
service, founded as they are upon some property 
believed to be of fundamental importance in esti- 
mating the suitability of a particular glue to a 
particular purpose. The adopted tests may be 
either physical or chemical, and of the former the 








author discusses no less than twelve tests, or 
enquiries into the quality and behaviour of the glue, 
but evidently he places little reliance on the results. 
The chemical tests designed generally to precipitate 
out the gelatin and to gauge the value of the glue 
in terms of the precipitated nitrogenous matter are 
viewed more favourably, though the form of the 
nitrogen constituents, whether unhydrolysed protein 
or proteones, peptones or animo-acids, will vitally 
affect the value of the product. Among the physico- 
chemical tests, the first place is given to the deter- 
mination of the hydrion concentration, from the 
knowledge of which it is asserted that the important 
properties of swelling, viscosity, jelly consistency and 
joint strength may be ascertained with some 
approach to accuracy. The application of this 
method is too new to allow us to speak with decision, 
but the chapter in which Dr. Bogue discusses the 
valuation of glue and gelatin on a rational basis is 
to be heartily commended to the consideration 
of glue-makers and glue users. The need of 
rigorous specification has long been felt, and it is a 
matter for sincere congratulation that the investi- 
gations founded on pure chemical science have led 
to so satisfactory an issue as to suggest a decisive 
means for testing a substance so various in its 
properties and so multifarious in its uses as glue. 
How various and how extensive, the authors’ 
chapter on the applications of glue well shows. 
It forms a fitting end to a comprehensive study of 
an important industry, which while materially 
advancing civilisation has received but scant 
attention in literature. 





Scottish Canals and Waterways. Comprising State Canals, 
Railway-owned Canals and Present-Day Ship Canal 
Schemes. By Epwtn A, Prarr. London: Selwyn 
and Blount, Limited. [Price 10s. 6d. net.] 


Tue author, the late Mr. E. A. Pratt, is well known as 
an authority on Canal and Railway traffic, and in this 
work he gives an illuminating account of the policy 
that has been pursued in Scotland in the selection of 
routes and construction of canals in the past, and 
of their possible extension in the future. Topo- 
graphically, the country seems naturally designed 
for the provision of canals that would promote 
trade, facilitate transport, favour development, 
and aid social intercourse. From north-east to 
south-west, from Moray Firth to Loch Linnhe, 
runs the Vale of Glenmore, 113 miles in length, 
but with a long series of lakes so conveniently 
situated that there remain only 23 miles of dry land, 
which, if pierced by canal, would give safe and 
uninterrupted passage from the North Sea to the 
Atlantic, avoiding the longer route by Pentland 
Firth, with its attendant dangers. Again, from the 
Firth of Forth to the Firth of Clyde, there exists only 
a continuous neck of land, through which it seems 
an inviting idea to construct a waterway to carry 
the commerce of Northern Europe by a safe and easy 
route to the western coasts of England and to 
America. The extent of the traffic may not be 
sufficient to warrant the construction of two canals 
serving similar purposes, and an error may have 
been made in canalising the more northerly route ; 
but in canal work so many years elapse between 
projection and achievement that it would be wrong 
to blame the originators for entertaining hopeful 
anticipations that failed to realise. Again, the 
Crinan canal is a sea to sea waterway that, only 
four and a-half miles long, saves a voyage of approxi- 
mately 100 miles to vessels sailing from the Clyde to 
the Hebrides and the west coast. Notwithstanding 
such favourable conditions, the fact remains that 
canal construction has not proved a success. Pro- 
posed as a means for encouraging trade, they have 
failed to serve their purpose, and are now bankrupt 
or derelict. In more than one instance, though, 
started under happy auspices, the canals, running 
through industrial districts, have shown continually 
diminishing receipts, and even failed to earn the 
expenses of upkeep. The causes for this decline 
is the problem that Mr. Pratt sets out to solve, 
or to put into the hands of the reader such evidence 
and information that he can draw his own conclu- 
sions. 

To effect this purpose, the author has considered 
it necessary to detail at considerable length the 
circumstances under which each was projected, the 
course of construction, and the method of its work- 





ing. The history is interesting, and the facts are 
no doubt accurately reported. They are deserving 
of careful study, for the type of canal is different 
from that which obtains in England, and presents 
features unknown here. Moreover, the effects of 
management by state control, and by private 
ownership, are well contrasted, and may serve as 
an object-lesson to those who favour, or distrust, 
the transfer to the nation or to municipal authorities 
of transport facilities, whether by land or sea. 
Also the history should interest those who counten- 
ance the ambitious and competitive schemes which 
are now being urged in several quarters, and for 
different reasons, by those who are earnestly, and 
no doubt sincerely, advocating the expediency of 
enormous extensions involving great pecuniary 
sacrifice. 

It is not proposed to enter into this history, 
however picturesque and instructive it might prove 
to call attention to the costly lessons taught by expe- 
rience. Canal construction was in its infancy at 
the beginning of the last century, and the problems 
whose successful solution excited the admiration 
of that day have become the commonplaces of this. 
Moreover, there are other problems which still 
agitate the public mind, to which reference may be 
profitably made. Prominent among these is the 
debated policy of the acquisition and working of 
transport facilities by the state, a policy that has 
been on its trial in Scotland. Two of the canals, 
the Crinan and the Caledonian, are owned by the 
state, and the condition of these two waterways, 
unfit for traffic and unsafe to abandon, are dis- 
creditable to the nation. If private enterprise and 
capital had been responsible for the disastrous 
neglect, “‘ persons of socialistic tendencies *’ would 
have found in the deplorable condition of these 
canals a powerful argument in support of their in- 
sistance on the necessity of state ownership. Mr. 
Pratt pithily remarks, that it is the contrary point 
of view that is emphasised, and indications are 
furnished of what might happen if the state should 
ever own and operate all public utilities on its own 
account. It is melancholy to reflect that the Govern- 
ment, though repeatedly petitioned, has done 
nothing to enlarge or to modernise either canal. 
The capacity of either waterway is as inadequate as 
it was 60 years ago. It is true that about 1847 
four steam tugs were located on the Caledonian 
Canal to enable sailing vessels to overcome the delay 
occasioned by adverse winds ; but these tugs were so 
little appreciated that the cost of maintenance was 
double the amount earned. Piteously the Commis- 
sioners regretted “ that they had vainly encouraged 
private parties to undertake this service, but without 
effect.”” On the other hand, the proprietors of the 
privately-owned canals have exhibited the most 
commendable enterprise in the experiments made 
by them with a view to the introduction of mechani- 
cal haulage, the application of steam-power for the 
purposes of propulsion, and in other ways. It will 
be remembered to their credit, that as early as 1801 
the Charlotte Dundas, 56 ft. long, 18 ft. beam, and 
8 ft. deep, fitted with a paddle wheel in the stern, 
traversed on the Forth Canal, in six hours, a distance 
of 20 miles, against a strong head wind, and towing 
two laden barges, each of 70 tons burden. Fulton’s 
Clermont, on the Hudson, was not completed till 
1807, and the Comet, by Henry Bell, did not begin 
running on the Clyde till five years later. The 
proprietors of the Forth and Clyde Canal abandoned 
the promising attempt from fear of injury to the 
ill-constructed canal banks, and missed the oppor- 
tunity of establishing an innovation destined to 
effect revolutionary changes in the development of 
water transport. But as evidence of enterprise and 
progress, in contrast to the lethargy and indifference 
exhibited by the state-owned canals, this memorable 
attempt is conclusive. Perhaps the most obvious 
condemnation of state methods in management 1s 
the fact that some 60 years ago the Government of 
the day, weary of the trouble and loss incurred. by 
their own incapacity, offered a 99 years’ lease of 
either canal, rent free, to any private individual 
willing to relieve them of the burden. The Canal 
Commissioners have put on record “ that they are 
persuaded that the management of such an under- 
taking would more properly be entrusted to the 
enterprise of public capitalists.” This policy of 
“scuttle” has recently been repeated by an offer 
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to the County Councils of Inverness-shire and 
Argyle to take over the control and management 
of the Crinan and Caledonian Canals. 

Another question which arises is: How far is it a 
national duty to provide every community conveni- 
ent means of communication? Put in another 
way, should an inhabitant of Southampton, say, be 
taxed in order that a Highland fishing smack may 
deliver herrings quickly and cheaply to a Glasgow 
market ? The committee that asked for subsidies 
to construct the Crinan Canal urged that people with 
limited facilities, who are endeavouring to utilise 
the resources of Jand and sea, are entitled to claim 
the utmost assistance the state can afford. The 
measure of assistance, it is contended, is not to be 
determined by the amount of interest earned by the 
capital expended. The growth of intelligence, 
efficiency and contentment in the population is to be 
regarded as a national asset. If this argument is 
pushed to its legitimate conclusion, it asserts that 
where capacity exists, there should also be given 
opportunity for its fullest development. This 
appears to be a dangerous policy, and one that may 
react very injuriously on the nation’s welfare. For 
a scheme is afloat, supported by recognised authori- 
ties, for providing a Mid-Scotland canal at sea level, 
with dimensions sufficiently large to permit Atlantic 
liners and battleships to pass through. The cost of 
bare construction is placed at 257,000,000, but 
experience has shown that the original estimate has 
always proved inadequate, and apparently no allow- 
ance is made for the provision of docks and wharves, 
or for compensation to mineowners and others 
whose property is likely to suffer from the deep 
cuttings necessary to avoid locks. It is admitted 
that local sources cannot find the money, and that 
the bulk must come from the taxpayer, who will 
find his reward in the increased “‘ contentment” 
of the people benefited, though the author shows 
with complete conviction that what will content 
Glasgow will not content Edinburgh and Leith. 
Up to the present, divided counsels and the un- 
edifying jealousies of cities have hindered the 
prosecution of the scheme, but the promoters— 
having weighted their scales with the plea of naval 
strategy and the need for finding work for the 
unemployed—confidently contemplate the out- 
balancing of the unenterprising cause of moderation 
and economy. 

Another topic discussed with knowledge and 
ability is the attitude of railways towards canals, 
The suspicion is general, whether warranted or not, 
that the decline in the amount of water-borne 
traffic by canals is due to the operation of a selfish 
policy on the part of the railways, who have sought 
to increase their profits and influence by strangling 
the competition, which hindered the establishment 
of a monopoly. Mr. Pratt has attempted, and not 
without success, the vindication of the Scotch 
Railway Companies. He shows that a decline in 
revenue, and of usefulness, was noticeable before 
the canals came under railway control, and produces 
evidence to prove that in some instances it was 
clearly to the interest of the controlling railway to 
foster the traffic on the canals, which otherwise would 
be carried by a competing and hostile company. 
The North British Railway reduced the rates on 
goods carried by canals in their system, and made 
efforts to obtain as much traffic for the canals as 
possible. The decadence of canals, as then con- 
structed, was as certain as the disappearance of 
stage coaches, when readier and more convenient 
means of locomotion were possible. The traders 
and manufacturers found that the railways offered 
them a superior means of transport. Many works 
that were purposely built on the banks of canals 
to secure the conveniences prevailing at the time. 
on the advent of railway traffic sought new connec- 
tions in order to command more convenient terminal 
arrangements, to obtain a wider range of markets 
from which to obtain coal and other supplies and 
improved facilities for the distribution of their 
manufactures. The canals were clearly superseded, 
not suppressed ; there was no question of a fight, but 
their career of usefulness might have been extended 
if the state-owned property had been managed with 
greater alertness and capacity. 

Mr. Pratt has collected many facts which need to 
be weighed and digested. He has stated them with 





moderation and effectiveness, but against the pro- 

1 to construct a sea-to-sea canal across mid- 
Scotland, that will prove both remunerative to 
investors and increase the mobility of the navy, he 
has spoken with equal gravity and decision. His 
very moderation makes his case a good one, and his 
book should prove a valuable answer to the indiscreet 
propaganda that is being actively circulated, 
though he would disclaim any intention of such 
purpose. 
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Royat Institue oF British Arcatrects.—The tablet 
which has been erected in memory of the 232 members 
and students of the Royal Institute of British Architects 
who laid down their lives in the great war will be unveiled 
at 9, Conduit-street, Hanover-square, W. 1, by the 
Earl of Crawford and Balcarres, Honorary Fellow of the 
R.LB.A., on Monday, the 20th inst., at 3 p.m. The 
tablet was designed by Mr. Trenwith Wills, A.R.LB.A., 
who was successful in the competition limited to ex- 
service members and students, held last year. The dedi- 
cation ceremony will be performed by the Rev. F. N. 
Thicknesse, Rector of St. George’s, Hanover-square. 





BRONZE FOUNDING. 


TxHE History of Bronze Founding was the subject 
chosen by Professor Cecil H. Desch when delivering 
his inaugural address as president of the Sheffield 
section of the Institute of Metals, on November 10. 
By way of preface, the lecturer said that although 
the meetings of the Institute were usually devoted 
to the consideration of modern developments in all 
branches of the non-ferrous industry, he thought 
that it was sometimes interesting and instructive 
to look back and study the metallurgy of the 
ancients. Bronze-founding represented the most an- 
cient but ohe of all metallurgical industries, and some 
of the methods at present in use were centuries old. 

Gold was the first metal known, this being due to the 
fact that it existed in nature, in the beds of streams 
and elsewhere, as the metal itself. Prehistoric man 
found that these bright yellow pechete which were so 
unlike the surrounding earth and pebbles, were soft, and 
could be easily worked. Ornaments were made from 
gold, but it was useless for any other purpose. Copper, 
the second oldest metal, was known centuries before 
the Christian era, and the euro. J 
bronze had reached a high degree of perfection long 
before the advent of iron. This was due to the fact 
that the carbonate or oxide ores of copper (malachite, 
for example) were ame reduced, by means of charcoal, 
in an open fire. The discovery of copper smelting was 
obviously accidental; some lumps of copper ore, in 
places, found close to the earth’s surface, were no doubt 
used for building up a cooking fire, The glowing char- 
coal present por yd | some of the metallic oxide, with the 
result that a mass of copper was subsequently found 
among the ashes. Probably some time elapsed before 
the mystery was explained, and when it was found 
that the metal was only obtained where a certain kind 
of “rock” was used smelting operations began in 
earnest. Man soon found that the best way of manu- 
facturing implements was by casting, and the first 
moulds used were open, and usually consisted of slabs 
of slate or other soft material hollowed out to the 
required shape. The early metallurgists copied their 
stone and flint implements, but as their skill became 
greater so their patterns were improved and, towards 
the end of the bronze age the workmanship of tools, 
implements and utensils was exquisite. 

t had been stated Rasssiwe a in various books 
that the ancients possessed the secret of the 
hardening of copper. This was without founda- 
tion, copper could only be hardened by hammering 
and by the addition of other metals and, in the 
latter connection, the discovery, by ancient man, 
that a small amount of tin added to copper gave a 
hard alloy had always been a mystery. It had been 
said that mixed ores of copper and of tin were smelted 
resulting in the accidental production of bronze, but 
mixed ores were seldom found, and did not appear 
to exist at all in Cyprus and the shores of the Mediter- 
ranean, these lands being undoubtedly the cradle of the 
bronze industry. One thing was certain, tin was added 
deliberately by prehistoric man, although at first in 
a very haphazard fashion. Among the earliest bronze 
objects unearthed some were found to contain as little 
as 2 per cent. to 3 per cent. of tin and others as much 
as 15 per cent. to 20 per cent. Upon finding that the 
former were little harder than pure copper and that the 
latter were hard, but brittle, ancient man laboriously 
experimented and ascertained by trial that the hardest 
alloy obtainable was that which contained 90 per cent. 
copper and 10 per cent. tin, and it was wonderful how 
closely the implements of the later bronze age approxi- 
mated to this composition. Some of the early Egyptian 
bronzes were hardened by means of arsenic, this was, 
however, probably purely accidental as arsenic and 
copper often occur together in Nature. 

Considering the smelting operations themselves, 
the lecturer stated that, in the beginning, aan 
of ore were charged into the fire direct and the 
metal afterwards recovered from the ashes. Gradu- 
ally, however, crucibles came into general use. 
The Egyptians, who were great bronze-founders, 
used crucibles extensively, a fact which could be 
ascertained from their wall paintings. Closed moulds 
made of clay and consisting of two interlocking halves 
bound together by cord, gradually came into use, 
and the Romans and Greeks brought the art of bronze- 
founding into a high state of perfection. The marvellous 
Greek marble statues were preceded by bronze statues, 
and in Crete most artistic work executed both in gold 
and bronze, and dating back to B.c. 1,600, had been 
found. These people discovered and perfected the 
art of soldering bronze and also the casting of statues 
by what was now known as the “ lost-wax ”’ F geo 
Their modus operandi did not differ materially from 
that now in use. 

A most interesting piece of work executed by 
the Romans had been unearthed; it consisted of 
a slab of reinforced concrete having a framework 
of bronze bars running through it. Axeheads, 
swords, and other implements found in Denmark, 
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England, Scotland and Ireland were exquisite in design 
and workmanship, and showed that the Northmen had 
also attained a high standard of skill. The Pheenicians, 
who traded extensively in metals, almost certainly 
obtained their supplies of tin from Cornwall and Devon. 
The metal had to be carried long distances on horseback 
and on board ship, and, for the sake of portability, 
it was cast into peculiar H-shaped ingots. After the 
Roman era there came a decline, and for some centuries 
the industry of bronze-founding was at a standstill. 
During the seventh century, however, the art was 
revived in N.E. France and in E. Belgium, the Walloon 
country. Dinant became the centre of a thriving in- 
dustry, and objects and ornaments of copper and bronze 
came to be known as “‘ Dinanderie.’* Eloi, a goldsmith 
and bronze-founder, as well as a priest, lived at this time 
and executed some fine work for King Dagobert 
(immortalised in French nursery rhyme). He (St. 
Eloi) was canonised, and became the patron saint 
of metallurgists. A parallel and contemporary case 
in England was that of St. Dunstan, who was also 
a great metal worker. The industry continued to 
flourish and improve, and bronze-founding reached its 
zenith in the latter part of the fourteenth and beginning 
of the fifteenth centuries. The standard of excellence 
reached then had never been surpassed. In those days 
the man who made the design also cast the metal, 
the artist and founder were one and the same. Italy 
produced some famous metal-workers in the 14th 
and 15th centuries, as also did the town of Niiremberg, 
in Germany. We possessed no good records of metal- 
lurgical methods written prior to the sixteenth century, 
but in 1556 George Bauer wrote a wonderfully scientific 
work under the latinised name of Agricola. Two 
important items in bronze-founding were guns and bells ; 
the design of a gun cast at a comparatively recent date 
differed very little from the earlier patterns, and the 
art of bell-founding had seen few changes during the 
course of several centuries. In conclusion, the lecturer 
stated that one of the reasons why the early metal- 
workers had succeeded so well was that time was of 
no importance, years being spent on each piece of work. 





INDUSTRIAL NOTES. 

In the matter of wages at the collieries, the Mining 
Association of Great Britain states that an analysis 
of the earnings at a group of five Midland pits employing 
nearly 4,500 workmen shows that no adult worker 
received as little as 35s. per week, and only 245 received 
less than 21., all of whom were surface men ; the actual 
coal getters, representing nearly half the total employed, 
averaged about 2/. 18s. 6d., the mean payment for all 
adults working in and about the mines being 2/. 138. 11d. 
In the North-Eastern coalfields, about 2,400 of the 
7,000 underground men, in the week ended October 14, 
had a wage of over 3I. 5s., whilst several hundred others 
had from 51. to 6l. The association adds that voluntary 
absenteeism is on the increase. 

The following is a general statement as to wages 
issued by the mine owners’ representatives: “. . . 
The effect of a return to the 8-hour day would be 
substantial saving of cost, a larger demand for coal 
and a gain to wages. The manifesto by the Miners’ 
Federation says that the miners as a whole are paid 
on a ‘famine’ scale. This is rhetoric. The hardships 
of a minority are being exploited to convey the 
impression that they apply to the great mass of the 
men working underground. Figures from representa- 
tive collieries show that hewers may earn anything 
between 2/. 10s. and 6l. a week. Many earn more. 
Lower-paid surface workers receive in actual earnings 
sums round about 2/. a week, and in cases where they are 
much below this figure they are made up to subsistence 
level by the grant of an extra amount determined by 
the respective Conciliation Boards. It must be 
remembered, too, that many miners receive free houses 
or allowances in lieu of rent, or dwellings let at low 
rentals, and that they have the further privilege of 
obtaining an ample supply of coal either free or at 
charges rarely exceeding a few shillings a ton, which is 
the mere cost of cartage.”’ 

The secretary of the London Iron and Steel Exchange, 
Limited, states that business in the iron and steel 
trades is confused by several conflicting factors. 

jenerally the situation so far as the world’s trade is 
concerned would appear to be veering in favour of the 
British iron and steel manufacturers owing to the 
difficulties producers on the Continent are experiencing 
with pant to their fuel supplies. To a great extent 
the Belgian and French iron and steel trades have 
depended upon the German reparation supplies of 
coal and coke, but these have not been sufficient to 
meet requirements, and they have been driven to pur- 
chase in Great Britain. British fuel naturally costs 
considerably more than the reparation fuel, particu- 
larly now that the exchange is so adverse to the buyers, 
On the other hand the fall in the franc exchange has 
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enabled low prices to be quoted for Continental material, 
but the fluctuations have been so rapid that buyers have 
been frightened out of the market. Under these 
circumstances it is not surprising that a number of 
Continental producers are preparing to curtail their 
operations. 








At the Lancashire Chancery Court, Manchester, last 
Monday, Vice-Chancellor Lawrence, K.C., gave judg- 
ment with costs in favour of the plaintiff, W. Francis, 
deciding that his expulsion from the Amalgamated 
Society of Woodworkers was irregular, ultra vires 
and void. In 1896 the plaintiff became a member 
of the Cabinetmakers’ Trade Union, and remained in 
the union until January, 1919. In that month there 
was an amalgamation between that union and the 
Amalgamated Society of Carpenters and Joiners. The 
plaintiff became a member of his (the Ashton-under- 
Lyne) branch of the society and had paid his contri- 
butions up to September, 1919. The majority of the 
members of the branch, including the plaintiff, were 
at a time working for the Great Central Railway, at 
Dukinfield, on a system of remuneration which involved 
to some extent payment by results. The Executive 
Council of the union requested the members of the 
branch to refuse to work under these circumstances. 
The members declined to do this, saying that as they 
were in a minority in the workshops, they had to con- 
tinue on the system or needlessly sacrifice their job. 
The Executive Council ultimately closed the branch. 
The plaintiff tendered his further contributions, which 
were refused. In 1920 the society amalgamated with 
the Woodworkers’ Society and became the Amalga- 
mated Society of Woodworkers. While the plaintiff 
was ill in 1921, he received his health insurance money 
from the defendant society. The Vice-Chancellor said 
that nothing had occurred to terminate the plaintiff’s 
membership and decided as aforesaid. 





The following agreement, to operate as from the 
13th inst., was arrived at subsequent to a recent con- 
ference between representatives of the Tyne and Blyth, 
Sunderland, Hartlepool and Middlesbrough districts 
of the Shipping Federation, and the Transport and 
General Workers’ Union and the National Union of 
Railwaymen :— 

Escape Holes.—Where the necessary escape holes 
are not provided in vessels the shipowners shall pay 
to the trimmers the net sum of £4 in respect of each 
hatch in a two-deck vessel and £5 net in respect of each 
hatch of a vessel of three decks. 

In the case of open vessels, i.e., where there is no 
bulkhead between the two hatches in the lower hold, 
the shipowner shall pay to the trimmers for the two 
hatches the net sum of £7 in respect of two-decked 
vessels, and a net sum of £8 in respect of vessels of 
three decks. 

Washed Wet Coal in Self-trimmers.—That portion 
of the agreement of September 28, 1920, relating to 
self-trimmers is hereby amended, and it is agreed that 
4d. per ton net over and above the tariff rate shall 
henceforth be paid in the case of self-trimmers where 
hatches are levelled only when washed wet coal is 
shipped on top. 


The Industrial Court issued last Tuesday their 
award in the claim made by the trade unions for an 
advance of 12s. per week in the wages of the workmen 
employed in H.M. dockyards and naval establishments. 
It states the following :— 

At the arbitration it was stated that the base rate 
of the majority of the craftsmen is 4ls. a week. The 
remainder are paid higher rates, ranging up to 48s. 
a week. The labourers are paid a base rate of 24s, 
a week, and both craftsmen and labourers receive a 
war bonus of 2ls. a week. Notice has been posted 
by the Admiralty to reduce this war bonus to 17s. 
a week as from November 19. 

The ground upon which the present application 
for an advance was urged was that the wages had 
been reduced to a point which, having regard to 
the cost of living, imposed undue hardship and 
privation. Against this, it was submit that 
the only sound basis upon which the wages could 
be determined was by reference to the rates paid 
in commercial concerns, so that there should be 
general, though not necessarily exact, similarity 
between the wages of the men in the same trade 
inside and outside the Government establishments. 

The Court, in their award, state that difficulties 
clearly arise if State employees of a given class or 
trade are placed in a permanently better position 
than that of workpeople of the same class outside ; 
and it appears to the Court that at this moment, 
when substantial reductions are still in progress 
in the outside trade, the claim for an advance in 
wages in Admiralty establishments must fail. It is 
added that the Court could not dismiss from their 
minds that the question of the basis upon which 
wages in Government shipbuilding establishments 
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should be determined may at some time come under 


review. In that event, the present decision should 
be regarded as leaving such question unprejudiced, 
and not as approving for all time and in all circum- 
stances the method of regulation which at present 
obtains. 





When it refuses to base a wage award on the theory 
of “ the living wage ”’ and labels that doctrine “a bit 
of mellifluous phraseology *’ the Railroad Labour Board 
speaks for the general public, says Engineering News- 
Record, New York. It is time, our contemporary adds, 
for someone to voice the impatience that has been 
aroused by the mischievous agitation of this appealing 
but impractical theory. Every decent American will 
sympathise with every effort to raise the standard 'of 
living for common labour, but nothing of the sort can 
ever be accomplished through a disregard of industrial 
stability, upon which depends the prosperity of all, 
including common labour. Arbitrarily to fix wages on 
the basis of estimated needs without regard to available 

ings and competitive conditions would simply 
invite industrial chaos with consequent disaster to 
everybody. However worthy our aspirations may be, 
no social good ever can result from our running amuck 
in the economic community. 





Our American contemporaries are at the present 
time devoting a large portion of their space to the 
Labour question. One of the most trenc!ant articles 
on the subject which we have seen is given in 
The Railway Review, Chicago, containing abstracts 
of a speech made at the annual convention of the 
American Bankers’ Association, by Mr. L. F. Loree, 
president of the Delaware and Hudson Company. 
After tracing the history of trade unions, dealing with 
their policies, their action in the matter of apprentice- 
ship, their narrowness of views, overbearance and 
even criminality, Mr. Loree stated that for the pre- 
servation of society and for labour’s direct and 
immediate benefit, he would make the following pro- 
visions in the laws of the United States :— 

1. That any voluntary association of seven or more 
members may sue or be sued in the name of the associa- 
tion: service or process upon any officer, manager or 
business agent of such association to constitute service 
upon the association. 

2. That such associations shall keep their records in 
a form prescribed by public authority; that their 
accounts shall be open at all times for inspection and 
audit; that annual reports thereon shall be made; 
and that the use of the funds of the association for 
political purposes shall be a criminal offence. 

3. That the authority of the designated officer of 
the State to deal with labour disputes shall include the 
duty to make inquiry concerning matters in dispute, 
with the right to subpcena witnesses, examine them 
under oath and require the production of books and 
papers in order to enable him to ascertain all facts 
material to the dispute ; and to furnish the public and 
every employer and employee entitled to vote upon the 
question of strikes and lock-outs involved with a copy 
of his report; and that notice of the intention to 
strike or lock-out be made to such officer at least 
14 days before the date fixed for such action. 

4. That every ballot cast for strikes or lock-outs 
shall be so safeguarded as to preserve the freedom 
of the voter and the decision to which he has arrived ; 
and to that end that the designated officer of the State 
shall be charged with the duty of supervising the vote 
so as to insure a secret ballot free from intimidation 
and misrepresentation, and its honest count. The 
vote should be a definitive action and not be subject 
to the veto or use of the chief officer. 

The mere enunciation of the above ‘provisions ”’ 
is in itself a grave censure upon the trade union 
practices which generally obtain. 

Mr. Loree concluded by saying ‘‘ the labour unions 
cry to heaven that they have the ‘ right to organise.’ 
No one denies it—but let them in the exercise of the 
right assume the responsibilities it entails. If they 
would benefit by organisation let them also, as does 
capital, bear the restrictions and burdens of organisa- 
tion.” 








British _Inpustry anp CanapA.—The Federation of 
British Industries has decided to inaugurate a British 
Section of the next Canadian National Exhibition 
to be held at Toronto next year. The high tariff barrier 
recently erected by the new United States tariff is 
debarring Canadians from selling their products in the 
United States, with the result that they are tending to 
buy less from that country. Great Britain must benefit 
considerably from this state of affairs. Considerable 
interest attaches therefore to the forthcoming exhibition. 
The Federation will undertake all the preliminary work 
and trouble of arranging exhibits. The scheme affords a 
proof that the Federation is losing no time in taking 
advantage of every opportunity for furthering the 
sale of British goods in Imperial markets, and thereby 
fostering the development of inter-Imperial trade. 
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THE LOW-COMPRESSION MODERATE-SPEED 
ENGINE FOR MOTOR VEHICLES.* 


By Major F. Srricktanp (Member). 


In considering the question of the best speed for the 
engines of ordinary motor vehicles, only the four-stroke 
four- and six-cylinder vertical engines of ordinary con- 
struction with the cylinders in line need be considered, 
since these comprise the very large majority of the 
engines in use for four-wheeled vehicles. In other 
types of engines, such as the single-cylinder as used 
on motor cycles, and the Vee and radial types, the 
conditions vary considerably, and it is hardly possible 
to include them in the discussion without making it of 
undue length. 

Before going into the question of the best speed for a 
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petrol engine, it is desirable to consider briefly the reasons 
for running the steam engine at a high speed. The chief 
motive is undoubtedly to reduce the weight per horse- 
power. 

If we increase the speed of an engine of any given 
cylinder dimensions, we increase the power, presuming 
of course, that the valves and passages are made large 
enough. The stresses on the parts are not increased 
to any material extent as it is possible in a steam engine 
to bring the reciprocating parts to rest entirely by 
cushioning with steam, while the bearing pressures are 
also nearly constant. The power of an engine of a given 
size increases indirectly as the revolutions, the steam 
pressure and other factors remaining the same. We may 
put this in another way, and instead of taking the size 
of the engine as a constant factor, assume a constant 
horse-power. In this case, as the speed is increased the 
size of the cylinders is reduced. With a constant st-oke 








* Contribution to a debate before the Institution of 
Automobile Engineers, November 8, 1922. 
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the stresses and bearing pressures are reduced directly 
as the revolutions are increased. 

Under these circumstances it might be thought that 
in a steam engine the weight per horse-power would be 
reduced in direct proportion to the increase in the revolu- 
tions, but this is not the case. Taking the engine of 
fixed dimensions, we find that for various practical 
reasons the weight must be somewhat increased as the 
revolutions are increased. One reason is that the valves, 
ports, &c., have to be made larger, and this entails 
stronger and heavier valve gear with considerably larger 
wearing surfaces. It must also be remembered that 
aithough the pressures on the bearings do not increase 
with the speed, the rubbing speed does increase, and this 
entails a lower loading of the Gousines per unit of surface, 
or, in other words, larger bearin 
cylinders. 


a for the same size of 
At very high speeds also the centrifugal force 


Fig:2. MEAN PRESSURES ON BEARINGS, 
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of the big end at half-stroke adds materially to the mean 
bearing pressure, and it becomes difficult to take up all 
the inertia forces by steam cushioning. Hence there is a 
limit to the practical speed if the engine is to be reliable 
and durable. Steam engines are expected to have a 
very high standard of reliability and durability, and the 
limit of piston speed in practical use appears at present 
to be somewhere about 1,200 ft. to 1,600 ft. per minute. 
This is the speed used in torpedo boats and locomotives, 
which often run quite well after twenty or thirty years’ 
use. I believe that these are the highest piston speeds 
used in any steam or internal-combustion engines which 
practically stand up to their work in such a manner, 
and it is certain that if there had been any demand for 
steam engines where lightness was important, and the 
standard of durability could be as low as that of many 
trol engines, extremely high rates of revolution would 
ave been used. 

When we come to the four-stroke petrol engine we 
find that the conditions are very different, and that it is 
not naturally fitted to run at speeds as high as those of 
the steam engine. The reason for this is that it has only 
one working stroke out of every four, and therefore there 
is only one stroke out of every four in which the inertia 
forces can be absorbed by the gases. On the other three 
the reciprocating parts must have their motion reversed 
by the crank and the inertia forces taken by the big end 
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square of the revolutions, and although not serious at 
moderate speeds, increase the bearing pressures enor- 
mously at really high speeds. In order to see the effects 
of these forces we may take some icular engine and 
work them out for different s . For this purpose 
I will take an engine of the following dimensions :-— 


Cylinders, diameter 80 mm. (3-15 in.), stroke 150 mm. 
(5-92 in.). 

Diameter of crank pins, 1} in. 

Length of crank pins, 2} in. 

Crank webs, 1 in. by 2} in. 

Length of connecting rod, 12 in. 

Weight of reciprocating parts, 2 lb. 

Weight of rotating parts of connecting rod, 2 Ib. 

Explosion pressure, 400 lb. per square inch. 


Further, I will assume that half the weight of the 
reciprocating parts is above the gudgeon pin, and half 
the weight of the rotating parts of the connecting rod 
above the centre of the crank-pin. These dimensions 
are not taken from any particular engine, but are, 
I think, fairly representative of modern practice. Fig. 1 
shows for different speeds : (1) The stresses on the big-end 
bolts at the end of the exhaust stroke ; (2) the bending 
force on the crankshaft on the explosion stroke ; (3) the 
bending force due to the inertia of the crankpin, con- 
necting rod and piston at the end of the exhaust stroke. 

In these calculations I have neglected the effect of the 
crank webs as it is not great, but it would add slightly 
to the bending forces at high speeds. 

We see at once here the difference between the steam 
and the petrol engine. In the former these curves would 
be practically a straight line parallel to the base. In the 
petrol engine, when we get above a certain speed the 
stress goes up very rapidly, and at 3,400 r.p.m. the 
bending stress on the shaft due to inertia is double that 
due to the explosion at any speed. 

There are other stresses on the shaft which are of 
great importance in determining its size, namely, the 
torsional stresses due to the inertia of the reciprocating 

arts. These have been dealt with at great length by 

r, F. A. 8. Acres in his paper read before this Institution 
in 1920,* and a study of this paper will show that at 
high speeds they become very great, considerably 
exceeding those due to the explosion. 

The size of the parts is, however, often determined 
more by the necessity for bearing surface than by con- 
siderations of strength, and I have endeavoured in Fig. 2 
to give an approximate curve of the bearing pressures 
at various speeds. In order to do this accurately, it 
would be necessary to take an indicator diagram and to 
integrate the forces acting all round the circle, This 
entails a great deal of labour, and would even then only 
be accurate for one particular indicator diagram. I have 
therefore made an approximation by taking the following 
forces :-— 


Bearing pressure on the explosion stroke due to the ex- 
plosion pressure less upward inertia, 

Bearing pressure on the exhaust stroke due to inertia. 

Bearing pressure at the bottom of the exhaust and 
suction strokes due to inertia. 

Bearing pressure at half-stroke in four positions due 
to centrifugal force. 


That is a total of eight positions in two revolutions. 
It will be seen that in place of remaining practically 
constant, as is the case in a steam engine, the bearing 
a increase with the speeds, and that at reall 

igh speeds this increase becomes very rapid indeed. 
We must remember that in order that the bearings should 
stand up equally well, some allowance must be made for 
the higher rubbing speed, #.e., the bearing surface must be 
increased per unit of pressure as the speed increases, 
Further, we must remember that the very fact of in- 
creasing the size of the bearings increases their weight, 
and therefore again increases the inertia forces and 
therefore the pressures. We must remember also that 
the actual cylinder barrels form a very small part of the 
weight of the engine, the weight being mainly determined 
by the total size of the crank-case and the cylinder block, 

A study of Figs. 1 and 2 will show that as we increase 
the speed of the engine the size of the shaft and the length 
of the bearings must be increased, and above a certain 
speed this increase must be very considerable. The 
valves, passages, &c., must also be increased in size. 
As the valves are larger and have to be moved at higher 
speed the stresses and pressures on the valve gear will 
increase very rapidly. The timing gear will also have 
to be made heavier as well as the casing which covers it. 

When we consider all these points and look at the 
very rapid increase in both stresses and bearing pressures 
as the revolutions get really high, it appears evident that 
there is some point at which the weight of the engine 
will increase more rapidly than the horse-power, and, 
therefore, instead of getting lighter per horse-power the 
engine will get heavier. The one essential advantage of 
the high-speed engine being its lightness per horse- 
power there appears to be no advantage in running it 
above this speed. : 

We may make the same comparison on the basis of a 
constant horse-power in place of constant cylinder 
dimensions, and this is perhaps the comparison which 
gives us the most information. The simplest way of 
doing this is to take an engine of constant stroke varying 
the cylinder area inversely as the revolutions. I will 
therefore take a series of engines 150 mm. stroke and 
with cylinder diameters varying from 160 mm, to 56:5 
mm. diameter running at speeds inversely as the areas of 
the pistons ranging from 500 r.p.m. to 4,000 r.p.m., all 
parts except the piston and cylinders being the same 
size as the previous example. In making such a com- 
parison we have to allow for the fact that the weight of 
the reciprocating parts varies with the diameter of the 








and other bearings. These inertia forces increase as the 


* See Proc. 1.A.E., Vol. xiv, page 447. 
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cylinder. For purposes of comparison I will assume 
that the weight of these parts varies as the area of the 
piston,. It might be thought that it should vary as the 
cube of the linear dimensions, but this is not practicable, 
as in the first place it is impossible to reduce the walls of 
very small pistons in proportion to their diameter, and 
in the second place the reciprocating parts include the 
gudgeon-pin and the top half of the connecting-rod, 
and these cannot be lightened even in proportion to the 
area of the piston owing to the high inertia forces and 
the fact that the connecting-rod is of constant length. 
The horse-power of these engines will, of course, be the 
same for the same 7p. If this is assumed to be 90 lb. 
the horse-power will be about 42. 

Fig. 3 shows the bending forces on the crankshaft and 
also the stress on the big-end bolts. In a steam engine 
the bending forces would be reduced as the speed of the 
engine is increased, varying for all practical purposes 
inversely as the revolutions. It will be seen that in the 
petrol engine the bending forces are bia « greatly reduced 
as the speed rises from 500 r.p.m. to about 1,800 r.p.m. 
owing to the reduction in the cylinder area and, therefore, 
the reduction in the pressure due to the explosion. 
Above 1,800 r.p.m., however, the bending forces on the 
crankshaft at the end of the exhaust stroke due to inertia 
exceed those due to the explosion pressure, and from 
this point onwards the maximum bending force increases. 
At 4,000 r.p.m., corresponding to a cylinder 56-4 mm. 
diameter, it is nearly four times as great as at 1,800 
revolutions with a cylinder 84-5 mm. in diameter. 
The bending force with the 56-4 mm. cylinder running 
at 4,000 r.p.m. is in fact, as great as that with a 119 mm. 
cylinder running at 900 r.p.m. 

It will be seen that the stress on the big-end bolts 
goes up very rapidly at high speeds, and this is of con- 
siderable importance as it entails increase of weight in 
the big end, and therefore, still greater inertia forces. 

As already mentioned, the dimensions and weight of 
an engine frequently depend more on the necessity for 
providing bearing surface than on the actual stresses on 
the parts. This factor usually governs the length of the 
crankcase, and this is the principal point determining 
the weight of the engine. Fig. 4 pet the mean bearing 
pressure to be provided for in the same series of engines 
of 150-mm, stroke with cylinders ranging from 56-5 mm. 
to 160 mm. diameter, the corresponding revolutions per 
minute varying from 4,000 to 500. These are calculated 
in the same manner as those shown in Fig. 2. It will 
be seen from this that the mean pressure on the big end 
is lowest at about 1,500 r.p.m., and above that rises 
pretty rapidly. The mean pressures on the main bearings 
on the other hand, are least at about 1,000 r.p.m. and 
1,200 r.p.m. in the case of the end and centre main 
bearings respectively. 

If the mean pressure on the bearings were the sole 
determining factor in their size, therefore, we could deal 
with the smallest bearings at a speed of somewhere 
between 1,000 r.p.m. and 1,500 r.p.m. It must, however 
be remembered that the rubbing speed has to be taken 
into account as well as the mean pressure. Therefore, 
the slower speed engine should be able to run with a 
higher mean pressure per square inch of bearing surface. 

There are some other points which affect the question 
of weight per horse-power. Thus, whatever the size of 
cylinder and the revolutions run, the valves will need 
to be the same size. This being so, the inertia forces of 
the valves will increase as the square of the speed. At 
anything like high speeds these inertia forces constitute 
the greater part of the forces on the valve gear. The 
pressures on the valve gear will, therefore, increase 
nearly as the square of the speed and the wear, therefore, 
nearly as the cube of the speed. This means that for 
any particular standard of durability and reliability the 
valve gear must be made much heavier. 

A point of great importance is that a great many of 
these forces increase as the dimensions of the parts are 
increased. The effect on weight of the inertia forces 
is, therefore, cumulative. That is to say, that if the 
dimensions of the big end, for example, are increased 
so as to give more bearing surface and keep down the 
pressures per square inch, the very fact of increasing its 
size increases its weight, and, therefore, the pressures 
due to inertia. In the above curves constant dimensions 
are assumed, namely, those given for the 80 mm. by 
150 mm. engine, but in practice to keep the bearing 
pressures of the high-speod engine as low as those of 
the moderate speed type, the area of the bearing would 
have to be increased far more than the rise of pressure 
shown in the curve. Taking all the above points into 
consideration it seems quite evident that there is a distinct 
limit in speed beyond which an increase in speed with 
reduction of cylinder dimensions entails increased 
weight. What the exact speed for minimum weight 
should be depends, of course, on many points. Generally 
speaking, it is obvious that the lower the standard of 
durability aimed at the higher the speed for least weight, 
owing to the fact that the moving parts can be made 
lighter. With the weights assumed in the figures it 
seems probable that the lightest engine with a reasonable 
standard of durability could be made at about 1,200 r.p.m. 
to 1,500 r.p.m., corresponding to a cylinder of from 
92 mm. to 103 mm. in diameter. 

The example given, namely, engines all of the same 
stroke but with varying cylinder diameters in proportion 
to the revolutions, is the simplest and corresponds best 
with ordinary practice, for as a rule the advocates of 
very high engine speeds make their engines with a high 
stroke/bore ratio, while the moderate-speed engines are 
usually made nearly or quite square. It may, however, 
be argued that it is not a fair comparison to take engines 
of varying cylinder proportions. I have therefore 
prepared Figs. 5 and 6 showing curves for engines with 
the stroke equal to the cylinder diameter in all cases. 
The curves give the bending forces and bearing pressures 
in the same manner as for the constant-stroke engine. 





Allowance has been made in these for the shortening 
of the connecting-rod, and therefore, reduction in weight 
as the stroke of the engine gets shorter. It will be 
seen that both these curves show that there is a speed 
at which the stresses are lowest and also that there is one 
at which the bearing pressures are lowest. These points 
come at somewhat higher speeds than in the case of the 
constant-stroke engine, the lowest bending force coming 
at some 2,500 r.p.m., while the lowest bearing pressures 
are at about 1,500 r.p.m. It would seem, therefore, 
that the high-s engine should theoretically be a 
short-stroke engine, but even in this case it seems that 
the lightest engine could be produced by using a cylinder 
somewhere about 112 mm. (4-4 in.) diameter and running 
it at some 1,500 r.p.m. These considerations apply to 
engines running at full power the greater part of their 
time, and would therefore be the theoretically correct 
speeds for such engines as those for aeroplanes and high- 
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speed motor-boats, and it is a fact that the majority of 
the most successful vertical aero engines run at about 
1,500 ——_ In a motor vehicle, however, the problem 
is complicated by the fact that the engine is run for a 
very great part of its time with the throttle very far 
from full open. It is considered necessary nowadays 
that a vehicle should climb a very considerable slope 
on top gear, and therefore on the flat when the engine is 
run fastest the throttle is only slightly open and the 
explosion pressure is accordingly very far from the maxi- 
mum. As the inertia forces remain the same for a given 
engine speed it follows that the point of least bearing 
pressure will come at lower revolutions than those due 
to full-throttle opening. 

In order to show the effect of this, Figs. 7 and 8 have 
been prepared, and these show the mean pressure on the 
bearings of the constant-stroke engine and the square 
engine with the throttle closed enough to reduce the 
explosion pressure to one-third of its full amount. It 
will be seen that in both cases the lowest mean pressures 
come with very large cylinders at very low speeds. 

Two practical considerations affect the above. The 
first is the question of flywheel weight. As the revolutions 
are reduced and the cylinder size increased the flywheel 
must be made heavier. The effect of this does not 
appear to be very important, as the flywheel is not a very 
large proportion of the total weight of the engine. This 
is especially the case in the engine with six cylinders. 
In single-cylinder engines such as those used on motor 
cycles the reduction of flywheel weight by running the 
engine fast is, of course, a very important point. The 
second consideration is the weight of the transmission 
gear. The stresses on the transmission gear are theoreti- 
cally greater with the lower speed engine, and therefore 
theoretically the dimensions of the parts of the trans- 








mission gear should be larger. The size of many parts 
is, however, often governed more by considerations of 
wear than of actual strength, and as the stresses are 
increased the revolutions are reduced, and therefore the 
factor of wear remains approximately constant. On 
the other hand, as the ratio of reduction in the rear axle 
is lower with the slower speed engine, it will often be 
practicable to use a smaller diameter of crown wheel, 
making the axle actually lighter. Taking it all round, 
the effect of the engine revolutions on the weight of the 
transmission gear will be very small. 

I have dwelt mainly on the question of weight because 
it appears to be the pak point in motor vehicle 
construction. It seems in fact evident that the whole 
problem of construction in any self-moving machine, 
resolves itself into a question of weights, the needful 
standards of reliability, durability, &c., being, of course, 
maintained. Otherwise we should use stationary engine 
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practice for motor vehicles, locomotives and_ similar 
work. Further, reduction in weight is the main point 
claimed for the high-speed engine. I have endeavoured 
throughout to show that it is not possible to make the 
high-speed engine as light as the more moderate-speed 
type if both are made to the same standard of durability 
and that standard is one of any practical use. 

Apart from the question of weight, the moderate- 
speed engine appears to have every advantage. Although 
the high-speed engine can be made reasonably durable 
in its main parts if made heavy enough, there are still 
some difficulties to be met with. One of these is piston 
and cylinder wear. The moderate-speed engine can 
have ample wearing surface on the piston and the rubbing 
speed is low, while the pressure on the cylinder walls on 
the idle strokes is alsolow. As the speed rises the pressure 
on the idle strokes due to inertia also rises. The surface 
cannot be made large on account of weight. We have, 
therefore, to carry a higher pressure at a higher rubbing 
speed on a smaller surface. 

As the valves must be the same size at all speeds for 
the same power, the inertia forces to be dealt with go up 
as the square of the speed. The hammering on the valve 
seats and other parts is therefore much greater. : 

Even with the large bearing surfaces provided in 
modern high-speed engines, the lubricating arrangements 
have to be much more complicated and delicate to keep 
the bearings cool. Again, there is the question of noise, 
which is of great importance in touring car and passenger- 
vehicle work, though doubtless less so in vehicles for 
carrying goods. No doubt by very great care and at great 
expense a fast-running engine can be got to run fairly 
quietly as long as it is new, but there can be no doubt that, 
other things being equal, the slower an engine is run the 
less noise it will make, especially, when it ceases to be 
new. 

There appear, therefore, to be two distinct schools 
of motor construction. The one school keeps the engine 
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speed moderate, using relatively large cylinders for 
the power but putting the cylinders fairly close together 
and using a moderate-sized crank-shaft and a small 
crankcase. The other endeavours to get a very high 
horse-power per unit of cylinder capacity, and in order to 
do so uses a very large crankshaft and very long bearings, 
which result in the cylinder centres being spread a long 
way apart. The result is an engine which gets a very 
high power for the size of the cylinders but not a high 
ower per unit of weight, and which, in spite of its weight, 
is apt to take a good deal of keeping in order. Engines 
of the former type have so far been generally adopted 
for aeroplanes, high-speed motor-boats and commercial 
vehicles. In fact practically all engines have been of this 
type where the essential object of the designer has been 
to make the lightest engine per horse-power consistent 
with the needful durability, &c., and arbitrary rating 
rules have had no influence. In the motor-car trade this 
type of engine is used for cars of the very highest class 
regardless of price, and is also used by the makers whose 
cars have been successful in satisfying the largest pro- 
ortion of the public and therefore in obtaining the 
argest sales. 

It is also a fact that in the days when cars were raced 
under a weight limit, the moderate-speed engine was 
distinctly the most successful, and powers were put into 
cars which even now would be considered very high for 
their weight when we consider that many of these cars 
have been perfectly satisfactory as touring cars. 

It appears to me, therefore, that the general preference 
for the moderate-speed engine is thoroughly justified, 
and that on every practical ground it has a great balance 
of advantage over the real high-speed type. It would, 
therefore, in my opinion, be a great mistake for the 
commercial vehicle maker to abandon the moderate- 
speed type in favour of the high-speed type. Further, 
if this country is to take a really high place in the motor 
car trade and to develop a large export, it appears to me 
essential that the moderate-speed engine should be 
adopted. 








THE HIGH-COMPRESSION HIGH-SPEED 
ENGINE FOR MOTOR VEHICLES.* 
By H. R. Ricarpo (Member). 


I must admit that I have found great difficulty in 
deciding upon the best line to adopt in opening this 
debate, and after much consideration I came to the 
conclusion that it would lead to a better discussion if 
I resisted all temptation to cross swords with Major 
Strickland and argued the case allotted to me from a 
somewhat different point of view. I am instructed 
that I have got to plead for the high-compression high- 
speed engine as applied to motor vehicles. 

The ultimate objectives in any design of engine are: 

(1) That the engine shall get the maximum amount of 
work out of a given cuauntity of fuel. 

(2) That it shall maintain a certain standard of 
durability. 

(3) That it shall make the best’ possible use of the 
material both in relation to weight and cost. 

(4) That it shall be as silent, smooth running and well 
balanced as possible. 

Major Strickland has concentrated his arguments on 
the subject of weight and durability. I propose, therefore, 
to direct attention first to the subject of fuel economy. 

The efficiency of any engine in the sense both of power 
output and of fuel economy depends on three main 
factors: (1) The ratio of expansion or compression ; 
(2) The form of the combustion chamber; (3) The 
mechanical efficiency. 

It is perfectly obvious that the more we can prolong 
the expansion, the more work we shall get out of the 
fuel and the less heat we shaljl have left to trouble us 
with our exhaust valves, sparking-plugs, &c. Unfortu- 
nately, a long expansion means also a high-compression 
pressure, and it is when we get to high-compression 
pressures that our troubles begin and set a limit to the 
expansion ratio we can use. 

For almost every fuel, for every form of combustion 
chamber, and for each speed there is a certain limiting 
compression pressure after which detonation sets, in. 
Perhaps I shall not be digressing too far if I describe a 
test we have frequently carried out on our variable- 
compression engines, because it indicates very clearly the 
influence of compression pressure. We will assume that 
we are using a poor grade of petrol which, in these 
particular engines, will stand a compression pressure of, 
say, round about 100 lb. per sq. in., that we start up 
with a compression pressure of 60 lb. per square inch with 
a fixed rate of water circulation, a fixed mixture strength 
and fixed ignition. Under these conditions the engine 
will run quite smoothly and quietly, giving 26-6 b.h.p. 
on a consumption of 0-64 pints per brake horsepower per 
hour, while the temperature of the cooling water will be 
80 deg. C. 

At this compression ratio the exhaust valves will 
be excessively hot and about 3 ft. of the exhaust 
pipe will be glowing red. We will now very gradually 
raise the compression pressure without disturbing any 
other conditions, but taking frequent readings of the 
power, consumption, temperatures, &c. As we do so 
the following changes will take place. The power will 
rise steadily, the fuel consumption per horse-power per 
hour will fall, and the temperature of the cooling water 
will fall, showing that the gross heat-flow is steadily 
diminishing; the red-hot length of exhaust pipe will 
become less and less, as also the temperature of the 
exhaust valves, while the general running of the engine 
as regards noise or vibration will remain unchanged. 
At a compression pressure of, say, 95 lb. per square inch, 
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the power will have risen from 26-6 b.h.p. to 30-3 b.h.p., 
the fuel consumption, on the same mixture slsongth 
will have fallen from 0 -64 to 0-52 pints per brake horse- 
power per hour, while the exhaust pipe will exhibit 
scarcely, if any, red heat, and the temperature of the 
cooling water will have fallen from 80 deg. C. to 67 deg. C. 

Now as we raise the compression pressure further 
a marked change will begin to occur ; this will be notice- 
able at first by a very appreciable increase in noise and 
general harshness of running. At about 97 lb. or 98 Ib. 
per square inch the general running will have completely 
changed ; it will have become very rough and noisy 
and be accompanied by a good deal of vibration, also 
there will be little or no further gain in power or economy. 
At about 100 lb. per square inch, the first audible signs 
of detonation en as a very occasional ringing 
knock, and this will be accompanied almost immediately 
by a rise in temperature both of the cooling water and of 
the exhaust pipe. At about 102 lb. per square inch, 
audible detonation will become more or less continuous, 
accompanied by a marked drop in power and econom 
and a very decided all-round increase in heat flow. If 
we allow the engine to continue running “all out” 
under these conditions, the exhaust pipe will gradually 
resume the bright red heat it exhibited at the lowest- 
compression pressure, detonation will steadily grow more 
severe, and after perhaps ten or fifteen minutes, pre- 
ignition from the over-heated sparking-plug will begin 
and soon pull the engine up altogether. “ie, however, 
when detonation first becomes severe we retard the 
ignition, we shall be able to check it and even go on to a 
higher compression pressure, but at a heavy cost in 
economy and heat-flow, or alternatively we can check 
detonation to some extent by greatly strengthening 
the mixture, though again only at a very heavy cost in 
fuel economy. Yet again if we increase the speed of the 
engine we can go to a higher compression pressure despite 
the fact that the gross heat flow is increased nearly in 
direct proportion to the speed, because the time element 
bulks very largely. 

I have, perhaps, digressed rather far from the imme- 
diate subject, but I am anxious to illustrate not only 
how much is to be gained by raising the compression 
ratio up to a point, but also how very easily it can be 
overdone, often it is grossly overdone, having in view 
the fuels available, the usual running speeds, and the 
conventional forms of combustion chamber. 

Apart from the nature of the fuel, the useful limit of 
compression pressure is set by the form and size of the 
combustion chamber and by the speed. I have said so 
much about detonation that I am almost ashamed to 
mention it again, but I would like to emphasise the 
fact that it depends primarily upon the distance from the 
sparking-plug to the furthest point in the combustion 
chamber and upon the time available. The smaller the 
distance, and the shorter the time, the higher the com- 
pression pressure which can usefully be employed. In 
other words, an engine with small cylinders and running 
at a high speed can make use of a considerably higher 
compression-pressure than one with large cylinders 
running at a lower speed, and can therefore give a higher 
relative power and a considerably higher economy, 
provided always that the compression pressure is not 
overdone. 

The gain in economy on full load as between a com- 
pression pressure of 75 lb. per square inch and, say, 
110 lb. per square inch is just 20 per cent. reckoned on the 
brake horse-power, and on reduced loads it is, of course, 
very much greater, rising to about 35 per cent. at the 
average load-factor of a motor vehicle engine. Apart 
from the gain in fuel economy, which is so great that it 
cannot be ignored, there are other indirect gains. Pro- 
vided always that the compression ratio is not too high 
and that there is no detonation, and none of that harsh- 
ness of running which is really incipient detonation, the 
higher the compression pressure the lower is the mean 
temperature of the cycle, for increased compression 
pressure involves only an insignificant increase in the 
maximum flame temperature and a very substantial 
reduction in the terminal temperature due to the longer 
ratio of expansion. In our variable-compression engine 
the heat-flow to the cooling water falls from 3,260 B.Th.U. 
per brake horse-power per hour with a compression 
pressure of 75 lb. per square inch, to only 2,500 B.Th.U. 
per brake horse-power per hour with a compression 
pressure of 120 lb. per square inch. This large reduction 
is due partly to the lower mean flame temperature but 
more particularly to the lower temperature prevailing 
during the exhaust stroke. 

Now troubles with sparking-plugs, exhaust valves, 
carbonisation, and gumming of piston rings are all 
directly dependent upon the heat-flow, and diminish 
as the heat flow is reduced, that is, as the compression 
pressure is raised up to the point at which incipient 
detonation appears. Once this point is passed, the tables 
are turned completely, and the high-compression engine 
loses all its advantages at one fell swoop. It may be 
argued that since the time element is one of the factors 
controlling detonation, the high-compression engine can 
only operate efficiently at a high speed, but this can be 
dealt with quite satisfactorily by employing a valve- 
setting in which some of the gas is rejected back into 
the induction manifold at low speeds and the compression 
pressure reduced thereby. Again, it will.be argued that 
if such a valve-setting is used, the torque at low s 
will be reduced, but the reduction need be only slight and 
actually less than that brought about by retarding the 
ignition or reducing the throttle opening, generally 
necessary even in the case of engines with quite low- 
compression pressures. 

I think I have said enough to make it clear that every- 
thing is to be gained by raising the compression pressure 
provided always that it is not raised too high, and pro- 
vided also that the engine, as a whole, and the combustion 
chamber in particular, is designed to deal with a high- 





compression pressure. In a great many engines the 
compression pressure is raised altogether too high for 
the form of combustion chamber employed, and alt h 
some gain in economy is obtained on reduced loads, it too 
often results merely in harsh running and overheating. 
The high-compression engine like the high-speed engine 
must be designed throughout to work with a high- 
compression pressure and must not be merely a low- 
compression engine slightly modified. 

Recently, we had on our test beds two engines which 
served as excellent examples of the influence of the form 
of combustion chamber on detonation; one a T-head 
engine, with the — pl over the inlet valves and 
a compression pressure of 75 lb. per square inch, designed 
to run at about 1,200 r.p.m.; the other an overhead- 
valve engine with the sparking-plug in the centre and 
with a compression a of 115 lb. per square inch, 
designed to run at about 3,000 r.p.m. Both gave about 
the same power per cylinder, and when run with wide- 
open throttle on the same petrol, one knocked alarmingly, 
the other not at all. One gave a brake mean effective 
pressure of 130 lb. per square inch and consumed 0-51 
pints per brake horse-power per hour, the other a brake 
mean effective —, of 80 lb. per square inch and a 
consumption of 0-76 pints per brake horse-power per 
hour. have little hesitation in saying that anyone 
seeing the two engines running side by side would have 
made quite a wrong guess as to which had the high 
compression. 

Next as regards speed. Clearly we must start with the 
premise that the high-speed engine must last as long as 
the low-speed engine, or alternatively if its life is shorter 
it must show some compensating advantage in the way of 
lower initial cost or much greater economy. As in the 
case of the high-compression engine we must sedulously 
avoid any attempt to modify the slow-speed type and 
start altogether afresh, and in particular we must con- 
centrate on keeping the crankshaft as short as possible. 
On the grounds of durability, we must, despite our higher 
speed, > the load-factor on the bearings, &c., down 
to nearly the same figure as in the low-speed engine, and, 
at the same time, we must contrive to pack the cylinders 
as close together as we possibly can. We can afford a 
somewhat Tigher load-factor, ause the rate of wear 
does not depend on the load factor only, but is a function 
of the load factor and the oil temperature. With our 
high-compression pressure we get a very much higher 
mean pressure, and therefore we can use much smaller 
cylinders than a comparison of s alone would 
indicate, hence we can use relatively smaller and lighter 
pistons. Again, with our higher compression pressure 
our heat flow is much less, our pistons both are much 
cooler and expose a much smaller surface to the oil, 
while the surface of the cylinder walls, the oil on which is 
exposed to the full flame temperature, is much less. Since 
the lubricating oil picks up a very large; if not the major, 
portion of its heat from contact with the pistons and 
cylinder walls, it follows that in our smaller high- 
compression engine it will keep much cooler—the oil 
film separating the bearings will therefore be thicker 
and the abrasion due to particles of grit spanning the 
oil film, which is the source of wear, will be reduced. 
Therefore, for equal rates of wear, we can afford to have 
a somewhat higher load-factor throughout. Again, 
because of our higher mean pressure, we can use much 
smaller pistons, and because of our smaller heat flow 
we can afford to make the piston crown much thinner 
and the piston generally much lighter in proportion, so 
that our inertia forces need be little, if any, greater than 
in the low-speed engine of the same horse-power. 

In any four-eylinder engine we have to cope with two 
opposing couples due to the two pairs of cylinders—-these 
tend to bend the engine, and, unless adequately taken 
care of, to set up vibration ; to contend with these we 
must reduce the distance apart of the cylinders in each 
pair to the lowest possible limit. We may as well at once 
dispense with the intermediate bearing between adjacent 
crank-throws and replace it with a really substantial 
flying web. This leaves us with plenty of available 

eari surface for the connecting-rod bearings, still 
keeping the length of the engine within the limit set 
by the cylinders alone. We shall need a rather larger 
and longer centre-bearing, but this, I contend, is the only 
increase which affects the length of the engine, otherwise 
it can he reduced practically in proportion to the cylinder 
bores. In order to economise bearing surface and 
crankshaft length as far as ible, we must so proportion 
our bearings that the load-factor is nearly the same on 
all. Given a uniform distribution of load-factor it will 
be found possible to keep this down certainly to within 
20 per cent. of that of the low-speed engine and so retain 
about the same useful life, and at the same time shorten 
the engine very nearly in proportion to the reduced 
cylinder diameter. 

The next question is that of valve gear. To obtain 
efficient combustion at high speeds our first need is 
violent turbulence, and since turbul is dependent 
upon the velocity of the gases through the inlet valves 
it follows that we need to use the smallest valves we 
possibly can. If the ports are carefully designed and 
still more, if the gases after passing the valves have a 
free and unobstructed entry into “the cylinder we can 
obtain a full cylinder charge with very much smaller 
valves than are usually fitted. We want all the gas velocity 
we can get, and we want the velocity to be at a maximum 
actually at the valve port, and neither before nor after. 
I will not argue that the high-speed engine can do with 
smaller valves than the low-speed engine of the same 
power, but I do insist most emphatically that neither 
the high-speed nor the low-speed engine need large or 
heavy valves at all. For the power of engine under 
consideration valves may be used of a size which, given 
careful design, can be operated perfectly satisfactorily 
at 4,000 r.p.m. or over. I will argue, therefore, that 
whether the engine be run at 1,600 r.p.m. or 2,500 r.p.m., 
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or faster, the problem of operating the valves may be left 
out of the question. 

With regard to vibration there are, in a four-cylinder 
engine, three principal sources to examine :— 

(1) That caused by the secondary disturbances due to 
the angularity of the connecting-rods. 

(2) Crankshaft torsional vibration. 

(3) Torque recoil. 

The secondary disturbances depend upon the weight 
of the reciprocating parts and the ratio iumaieatiegned 
length to erank-throw. The former can be reduced 
until the inertia will be but little increased, and since 
the high-speed engine will be smaller and presumably 
will have a shorter stroke, the relative connecting-rod 
length can be increased, certainly without increasing 
the overall height of the engines, so that in respect to 
the secondary disturbances there will be but little to 
choose between the low-speed and the high-speed engine. 
Crankshaft torsional vibration is liable to be a serious 
trouble unless dealt with either by the use of a really 
stiff crankshaft, by the provision of a Lanchester vibration- 
damper, or, better still, by placing the flywheel in the 
centre of the shaft. In any event, however, unless some 
such steps are taken the worst period of torsional vibra- 
tion is liable to occur well within the speed range even 
of the wae 0 engine, and it almost certainly will if a 
light crankshaft is used. Torque recoil is, in my opinion, 
the most troublesome of all, and, unlike secondary 
disturbances or torsional vibration, it cannot be eliminated 
by such simple devices as Lanchester’s secondary 
balancer or torsional damper. Now, torque recoil is 
essentially a function of engine speed and cylinder 
capacity ; the lower the speed and the larger the cylinders 
the more troublesome does it become. By careful 
design we can reduce both the other two sources of 
vibration almost to insignificance, with the comforting 
assurance that we can, at slight extra cost, remove them 
entirely ; but torque recoil we can eliminate only by the 
use of two crankshafts, which is almost inadmissible, 
and palliates only by adding extra weight to the chassis 
in the. way of a = dive 4 heavier engine mounting, &c. 

There is yet another factor in favour of high engine 
speed which those who have attempted to design racing 
cars, and still more, racing motor cycles, know only too 
well, namely, the influence of what Professor Riedler 
has termed “rolling losses.’’ These losses are un- 
doubtedly hysteresis losses in the tyres due to irregularity 
in torque. It is difficult to assess them in absolute terms, 
but anyone experienced in racing knows only too well 
how largely they bulk ; so serious indeed do they become 
that many designers of racing cars have been forced 
to employ eight-cylinder engines even of the smallest 
size, despite the fact that the maximum engine power 
from a given capacity is considerably reduced. It is 
due to the reduction of hysteresis losses that racing cars 
or cycles fitted with small very high-speed engines have 
been able to attain such remarkably high speeds and such 
comparative immunity from tyre troubles as compared 
with the old-fashioned racers with enormously larger and 
more powerful engines. 

It is quite erroneous to suppose that hysteresis losses 
occur, or are serious only, at high road speeds; they 
are serious at all speeds, and like torque recoil they depend 
primarily on engine speed. Hysteresis losses can, of 
course, be reduced by the provision of large fly-wheels 
to steady the torque, but only at a heavy cost in accelera- 
tion—we can forgive a car most things, but we cannot 
forgive it sluggishness. The slow-speed engine requires 
a heavy engine-mounting and chassis to resist torque 
recoil and a heavy flywheel to reduce hysteresis losses, 
in other words, for equal engine power it involves a 
heavier car and is inherently more sluggish. 

Viewed broadly, the development of any kind of prime 
mover, though it may pass through many intermediate 
phases, tends always towards the same goal, namely, 
the attainment of the maximum amount of energy from 
the minimum, both of fuel and material, for, in the limit, 
the former governs the operating cost and the latter the 
manufacturing cost. To this end, therefore, the speed 
of rotation must increase steadily, as our knowledge 
of design and improved methods of manufacture permit. 
The development of the stationary steam engine affords 
a good illustration of steady increase in speed. Until 
about 1890 the stationary steam engine was invariably 
of the low-speed type, all attempts to produce high- 
speed engines hitherto having been more or less un- 
successful; about this time the high-speed Willans 
central-valve engine appeared and almost completely 
swept the board until it was itself in turn cut out by the 
still higher speed and lighter Belliss type engine. Finally, 
it is significant that the engines selected for the heavy 
passenger-carrying aeroplanes flying between London, 
Paris, &c., namely, the Rolls-Royce Eagle and the 
Napier Lion, happen to be the two highest speed engines 
yet built for aircraft; the former runs normally at 1,900 
r.p.m. per minute, and the latter at over 2,000 r.p.m., 
a truly terrific speed for an engine of 450 b.h.p., and yet 
these engines have been chosen in preference to the slower 
speed types, the former solely end the latter almost 
solely, on the grounds of reliability and durability. 





THE MANUFACTURE AND TREATMENT 
OF HIGH-SPEED STEEL.* 
By H. K. Oervie. 

Tue following notes deal chiefly with the manufacture 
of high- steel in the basic-lined electric furnace. 
Although the crucible is still largely employed as a 
melting medium the method is of little technical interest, 
being entirely a melting operation as no ning is 
possible, and a small amount of sulphur is generally 
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absorbed by the metal. Although this.element is not 
quite so dangerous as in ordi carbon steel it is 
nevertheless advisable to keep it under about 0-06 per 
cent. 

The labour and fuel costs are extremely high, but the 
plant and overhead charges are much lower than in the 
case of the electric process. The cost per ton of sound 
billets, however, certainly is in favour of the small 
electric furnace, even when the latter is only working 
nine or ten hours per day. The steel properly made by 
the two methods seems to be equally good, and this is 
important, as the material cost is only a small proportion 
of the total cost of an average form tool. 

Most of the crucible steel is cast into small ingots 
weighing up to a few cwt. each, and so long as the alloys 
have been completely melted there should be little 
segregation and few surface defects. When forged into 
bars for turning tools, small cutters, and drills, the 
structure should be fairly homogeneous and uniform 
throughout. It sometimes happens, however, that 
small particles of tungsten compound are not com- 
pletely melted, particularly when tungsten powder is 
used. These form extremely hard spots having a Brinell 
hardness generally over 600 when tested with a 1 mm. 
ball and a load of 30 kg., and they persist throughout 
the subsequent operations and may completely destroy 
a fine-toothed cutter working on the otherwise soft 
material. It is thus desirable to introduce the tungsten 
by means of ferro-tungsten or by the use of a tungsten- 
chromium alloy. 

The electric furnace is commonly used for melting this 
class of steel, and the charge may consist entirely of high- 
speed steel scrap together with a small amount of turnings. 
The latter should be heavy and clean and are placed under 
the electrodes and on top of the scrap until a bath is 
formed. Where a large amount of tungsten steel turnings 
have to be used up, it is preferable to add them gradually 
to the charge after it has been melted, but it is very 
much more economical to use only good scrap, that is, 
heavy clean scrap with a high tungsten content, and to 
reject light and rusty turnings. 

To attempt to make good high-speed steel from turn- 
ings alone, or where the greater part of the charge 
consists of turnings, is not, in this country, commercially 
possible. One cannot determine with accuracy the 
percentage of elements present, and this may necessitate 
the addition of large amounts of expensive alloys. If 
the turnings are clean and oily the carbon in the metal 
when melted will probably be too high; if they are 
rusty it will be too low with considerable loss of chromium 
in the slag. The latter will be saturated with oxides 
and must be removed from the furnace, as time cannot 
be spent in reducing these into the steel. Even when 
using heavy clean turnings which can very seldom be 
obtained in bulk, the loss will be at least 10 per cent. 
With average turnings bought from a scrap agent 
the loss may be 20 per cent. or more. Added to this is 
the difficulty of inching the turnings without breaking 
the circuit or damaging the bottom, together with the 
increased repairs necessary to the banks of the furnace. 
On account of the high current and electrode costs every 
suggestion which tends to shorten the length of each 
heat should be encouraged, consistent with making 
good steel, but in any case the time should not exceed 
4} hours for a 3-ton or 4-ton furnace. 

When good scrap is charged the melting slag is com- 
cepa clean and need not be removed, and the sample 
or analysis can be drawn as soon as the bath has been 
stirred up. During the next hour, while waiting for the 
content of carbon, tungsten, chromium, and vanadium, 
a heavy lime slag should be carried without getting the 
metal too hot. Probably a small amount of lump ferro- 
silicon may require to be thrown into the bath to deoxidise 
the steel completely, and the slag should be kept as 
white as possible, taking care that it is heavy enough to 
prevent the coal or ground electrode which is sprinkled 
on it from passing through into the metal. During this 
time most of the sulphur is removed from the steel. 

The electrode coolers should fit closely enough to 
prevent the space between them and the electrodes 
acting as a chimney and drawing a stream of cold air 
through the furnace, having due regard at the same time 
to the slight variation in diameter of the electrodes 
themselves. With badly fitting electrode coolers, apart 
from the heat lost and the increased repairs necessary 
to the roof, the length of time required to reduce the 
oxides in the slag is prolonged whilst the consumption 
of electrode per heat is surprisingly increased. The doors 
should be heavy and a good fit. Double arches may be 
used with the best silica brick inside the furnace and 
ordinary firebrick on the outside, the latter withstanding 
rapid change of temperature much better. A bricklayer 
accustomed to this class of work can keep down the cost 
of repairs enormously, and will seldom interfere with the 
normal working of the furnace. As in every other class 
of melting, attention must be paid to the furnace bottom 
and banks after each heat, particularly at the top of 
the banks were siliceous material from the roof and walls 
tend to gather. In the case of furnaces having a bottom 
electrode where the bottom is often considerably weakened 
by iron spikes or metal to increase its conductivity, it 
is very important to remove completely any metal from 
pockets left after tapping the furnace. These should be 
carefully filled up with magnesite or dolomite mixed with 
a little basic slag and allowed partially to fuse. Where 
a furnace of the Heroult type is in use probably the best 
method of making the bottom is that employed for the 
basic open-hearth furnace, using oil burners if no other 

of r ing the 'y temperature are avail- 
able. Layers of good quality burnt dolomite mixed 
with a little basic b are fritted on until half the thick- 
ness is reached. After saturating the bottom with slag 
and “setting back,” the operation is continued, using 
layers of magnesite together with sufficient slag to 








render it just viscous at the maximum temperature 





obtainable until within a few inches of the necessary 
thickness. The top layers are completed with dolomite 
and slag and the furnace is finally held at a white heat for 
some hours by introducing coke between the electrodes. 

By the time the metal has been melted the percentage 
of carbon, tungsten, and chromium should be slightly 
reduced, but most of the vanadium will have been 
removed. The necessary amount of crushed ferro- 
t ten and ferro-chromium is added as soon as the 
analysis is obtained, and the temperature of the steel is 
gradually increased. When the bath is in good condition 
enough ferro-manganese is thrown in to give about 
0-2 per cent. manganese, and 5 minutes later the ferro- 
vanadium may be added in a bag and well rabbled under 
the slag. The furnace should be tapped within the next 
10 minutes if the samples are quiet and the temperature 
sufficiently high, and no additions of aluminium or 
any deoxidising compounds should be made to the ladle 
or moulds. Occasionally at this stage when getting the 
metal hot enough to tap, the steel, in some of the smaller 
furnaces especially, suddenly becomes wild, and if cast 
will rise over the tops of the moulds even when con- 
siderable quantities of carbon, silicon, manganese, and 
vanadium are present. It is useless to attempt to 
deoxidise the steel with additions of ferro-silicon, &c., and 
the only method which has given successful results in 
the hands of the author is to cool the steel without any 
addition, until after thorough rabbling samples taken 
at regular intervals show the metal to be sound. It 
may be necessary in some cases to allow cooling to 
SS until the steel commences to solidify round the 

anks. As this gas trouble has been quite widely known 
for a number of years, the author is rather surprised 
that so little mention of it has appeared in any of the 
home or foreign technical publications. Why high 
carbon steel containing up to 1 per cent. of silicon and 
melted with every possible precaution should, without 
any visible indication, suddenly become so wild as to 
flow out of the test ingot requires some explanation, 
when the slag is apparently in good condition and prac- 
tically free from oxide of iron. It is difficult to believe 
that the trouble is due to oxide of iron, which can 
scarcely exist in such large quantities in the presence 
of elements having a greater affinity than iron has for 
oxygen. Also a sample ingot, badly honeycombed, after 
forging and rolling, showed apparently thorough welding 
of the gas holes, and gave impact and bend tests equal 
to sound steel of similar composition. At the same time 
there is undoubtedly a reaction between the gases and 
the silicon and manganese present when the steel is 
sufficiently cooled with consequent slight reduction of 
these elements, but during the time the metal is hot and 
wild there is no greater oxidation of silicon, manganese, or 
vanadium than normally takes place with sound steel 
under approximately the same conditions. Also the 
milder the steel to be made the more liable is the trouble 
to occur, taking into account the slightly higher casting 
temperature of the low carbon steel. This may or may 
not be due to the fact that no carburising material is 
added when the melting slag is removed. While the 
temperature seems to be extremely important the method 
and rate of generating heat appears to be more so. No 
such trouble is met with in a furnace such as the Renner- 
felt, where heating is done almost entirely by radiation, 
or in basic Siemens practice, where equal temperatures 
are attained so far as can be judged by the fluidity of the 
steel. The metal in the electric furnace is always hotter 
when the first slag requires removal than it is when ready 
to tap the furnace, and when a clean slag is put on and 
fused a small amount of ferro-silicon is sufficient to 
render the steel quite free from any tendency to rise 
in the mould. Yet as the refining proceeds and the 
slag becomes practically free from effective oxides, the 
danger of gas trouble appears to increase. In this way 
it is similar to overpoled electrolytic copper which, 
while theoretically free from oxygen, swells and evolves 
gases on solidifying. Although this gas trouble does not 
often happen with high-speed steel, attention is drawn 
to the fact that it is by no means unknown in arc 
furnaces. 

It is important to remember that this class of steel 
oxidises in the sample spoon more quickly than carbon 
steel, and allowance should be made for this when judging 
the temperature of the metal. No instrument gives very 
consistent results in practice when attempting to measure 
the temperature of molten steel, but it is very seldom 
that the usual pouring and film tests when carried out 
under the same conditions each time fail to give extremely 
good results. Where there is some doubt it is better to 
get the steel into the ladle too hot than too cold, especially 
if there is any device attached to the latter to regulate 
the speed of casting. ; 

The ingots for each melt should not vary greatly in 
size, and octagon moulds are to be preferred. Casting 
should be done from the top of the mould, having the 
metal in the ladle hot enough to permit the slag to rise to 
the surface, and as small a nozzle should be used as will 
pour the whole heat at such a rate that tapping of the 
ingots is just avoided, and no crust permitted to form 
on the surface of the steel as it rises in the mould. This 
allows the ingot to solidify in the most natural manner, 

reventing the formation of large tungstide network and 
eeping the pipe down to a minimum. § 

Bottom pouring may improve the surface of the ingot 
slightly, but as the whole ingot is in the liquid state 
when the mould is filled with the hottest metal at the 
bottom, partial segregation of tungstide results, to a 
serious extent when the tungsten is about 16 per cent. or 
more, and the ingot is over 5 in. or 6 in. diameter, unless 
the steel is dangerously cold. The waste of metal in 
the trumpet and runners, and the expense and time 
involved in using these, does not seem to be justified, 
and there is also the fact that this steel is much more 
searching on fireclay material than any other class of 
steel, and it is not common to have a runner burst when 
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the casting operation is almost completed, leaving only a 
shell of metal in the moulds. It is perhaps unnecessary 
to add that the moulds should taper slightly towards 
the bottom, and the head box must be a good fit. Should 
metal be allowed to penetrate here it is quite likely that 
the shoulders of the ingot will not be able to withstand 
the tension set up during cooling, with the result that 
transverse surface cracks at this point will cause a con- 
siderable loss of material. 

It is as well to keep the ingots under about 8 in. in 
diameter and 10 cwt. in weight. When it is necessary 
to cast both large and small ingots from the same ladle, 
the Batty nozzle attachment is very convenient and is 
also useful when the temperature of the steel has been 
misjudged. In any case when the ladle contains more 
than a ton or so of metal, one is justified in having two 
stopper rods, although the nozzles need not be of the 
same capacity. The sand used for testing the working 
of the rods must, however, be completely blown out of 
the ladle. 

The ingots should not be allowed to become 
quite cold but should be transferred to the reheating 
furnace while they are still at a temperature of 200 deg. 
or 300 deg. C. So long as the ladle and moulds have 


been kept clean no serious surface defects should be 
visible, and a quick examination is all that is necessary 
before heating for forging. The billets, however, after 
cooling slowly must be very carefully examined, and any 





Fic. 1. Outside of Cutter. x 60. 
surface cracks and other flaws removed by 
grinding a little deeper than is thought 
necessary. The care expended in this 
operation ought to yield a high propor- 
tion of sound rolled bars free from seams 
and also free from straight surface cracks 
which are only visible after the tool has 
been hardened. 

It is not good practice to make fairly 
large thin cutters direct from forged bars 
unless the bore of the cutter is extremely 
wide. It is preferable to use a medium- 
sized ingot, and to forge it in the usual 
manner to 4in. or 5in. round. A blank 
cut from this is then thoroughly forged 
until the required diameter is obtained. 
Fig. 1, taken at only 60 magnifications, 
shows the outside of an 18 per cent. 
tungsten steel forging which has been 
reduced under the press from 12 in. to 
9 in. diameter. The coarse tungstide 
residue is only slightly broken up, while 
Fig. 2, at the same magnifications, is 
from the centre of the forging, and shows 
the original casting structure to be practically un- 
affected. At this power the steel correctly forged should 
be almost structureless, and an example is shown at 
Fig. 3 (60 diameter) of a 9-in. slotting cutter made from 
an 8-in. ingot treated as above described. 

Many large cutters made entirely of high-speed steel 
are not by any means ideally forged, yet the outside 
of the cutter where the teeth are machined has often 
a fairly good structural appearance. Towards the centre, 
however, it becomes gradually coarser, and on hardening, 
fracture is liable to take place from the keyway in spite 
of the largest possible radius. Should there be no keyway, 
the cutter very often fractures when put to work. As 
this coarse structure is so easily detected under the 
microscope, and indeed very often with the naked eye 
on the —— and etched steel, the steel maker has no 
option but to replace any fractured material where it 
is present, even if the direct cause of failure be due to 
faulty hardening. At the same time there are few things 
SO annoying as to have an intricate and eagerly awaited 
batch of cutters fail in the hardening operation, after 
considerable time spent on machining, and it is little 
satisfaction to know that the material will some day be 
replaced. 

_The general hardening practice is to quench the part in 
oil from a temperature of 1,250 deg. to 1,300 deg. U., and 
to temper it either in an oil-bath at 220 deg. C. or in a 
salt-bath at 600 deg. C. In certain cases the tool may be 
hardened in an air-blast or may be allowed to cool 
normally in the air, depending chiefly on the size and 
design and whether the slight additional scaling may be 
disregarded. 

The majority of high-speed steel tools seldom approach 
their breaking-down point when cutting in ordinary 
works practice, and for these a 14 per cent. tungsten 
steel with about 0-65 per cent. of carbon and 4-5 per 
cent. of chromium, with or without a small percentage 
of vanadium, gives quite satisfactory results, if hardened 
in oil from 1,250 deg. to 1,260 deg. C. and tempered at 
220 deg. C. Where a heavy duty cutter has to work at 
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Fic. 5. 
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its maximum efficiency better results are obtained from 
an 18 per cent. tungsten steel having 0 -6 per cent. carbon 
and about 4 per cent. chromium with 1 per cent. of 
vanadium. This is hardened in air or oil from 1,300 deg. 
to 1,310 deg. C. and tempered at 590 deg. to 610 deg. C., 
when it has the greatest amount of secondary hardness 
or capacity to resist softening, until the tips of the teeth 
reach a temperature of 625 deg. C. or a little higher, the 
exact temperature depending on a number of factors. 
Laboratory tests show that by tempering at 600 deg. C. 
the apparent hardness is not materially affected so 
long as the necessary hardening heat has been attained, 
while the cutting hardness is increased, the toughness or 
the resistance to shock, such as when the tool strikes 
the work, is substantially increased. Test-bars treated 
in this way show a toughness increase of 100 to 150 per 
cent. over the same steel tempered at 220 deg. C. 

Less harm is done to a fine-threaded tool by rushing it 
up quickly from 800 deg. to 1,300 deg. C. when hardening 
than by soaking it for a minute or two at 1,250 deg. C. In 
view of the fact that some articles may show softness 
after tempering at 600 deg. C., depending to some extent 
on the percentage of carbon and chromium in the steel, 
it is important to make quite certain of the exact 
hardening temperature. Under different lighting con- 
ditions and with different types of hardening furnaces, 
optical and radiation pyrometers may quite easily— 
and generally do—read at least 20 deg. C. wrong, so that 
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happens during the polishing of the steel for microscopic 
examination, and thus lead to wear and possibly fracture. 

The hardening of certain screwing dies, which may 
have as many as 68 vee threads per inch, is a most diffi- 
cult operation when using the ordinary two-chamber 
furnace. Very little scaling is sufficient to clog up the 
teeth, and this scale cannot be removed by sand-blasting, 
or the crests of the threads are blown away. At the 
present time, when many firms are well equipped with 
projection apparatus for measuring the form of screw 
threads by magnifying them fifty times or more, some 
better method of hardening is essential, failing the use of 
a steel capable of giving equal cutting results from a lower 
hardening temperature. 

The difficulty has been overcome in the case of the 
contributors’ firm by designing a gas-fired carborundum 
tube furnace for hardening these dies, with automatic 
feed, where the temperature of the maximum heat zone is 
accurately recorded, and where the tool is in a slightly 
reducing atmosphere from the time it is introduced into 
the furnace until it enters the quenching bath. By this 
means there is no scaling whatever, and distortion 
troubles and also slight variations due to the personal 
element, which are so difficult to eliminate entirely, are 
kept down to a minimum or altogether avoided, 

It is unfortunate that no rapid test exists for deter- 
mining the actual cutting hardness of hardened high- 
speed steel. The file and the Brinell test are commonly 
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Fic. 3. 9-In. Slotting Cutter. x 60. Fig.4. 5 Secs, at 1,300 deg. C. 


x 1,000. 


used, but are by no means satisfactory. 
Both are useful when always using a 
steel of very nearly the same composition 
hardened under standard conditions, but 
neither gives definite information as to 
the cutting properties of the tool, Both 
serve, however, to separate material 
within fairly wide limits. Cases are 
numerous where one method of testing 
gives quite a different impression than 
some other method. For example, a 
low tungsten steel (carbon, 0-65 per 
cent. ; tungsten, 6 per cent. ; chromium, 
6 per cent.) hardened in oil from 1,000 
deg. C. is quite easily filed, although on 
a section | in. by 4 in. the Brinell hard- 
ness is 650. When hardened from 1,300 
deg. C. it is impossible to file it, although 
the Brinell number is not over 550. In 
both cases tools treated in this way cut 


ge . wes . . high carbon annealed steel of 220 to 230 
35 Secs. at 1,300 deg. C. Fic. 6. Just wer to 1,300 deg. C. Brinell almost equally well. Similarly, 
x 1,000. x 1,000. an 18 per cent. tungsten steel oil- 


a carefully calibrated platinum-rhodium thermocouple 
suitably protected should be used in the first case, and the 
radiation pyrometer checked against this. Time spent 
on standardising the details of hardening is well repaid 
by obtaining more consistent cutting values. 

The length of time that the steel remains at the harden- 
ing temperature is most important. Fig. 4 at 1,000 
diameters shows the structure at the centre of a } in. 
square bar, which had been held at 1,300 deg. C. for 
5 seconds as near as one could judge, while Fig. 5 
(1,000 diameters) is from a similar bar kept 35 seconds at 
1,300 deg. C. The difference in grain size can be easily 
seen, and while the first bar retained a load of 130 lb. with 
a deflection of 0-045 in. on 5 in. before breaking at the 
notch, the second bar only withstood 92 lb., the deflection 
being 0-033 in. A bar just raised to 1,300 deg. C., 
although not completely austenitic at the centre, with- 
stood 142 lb. and showed a deflection of 0-052 in. Fig. 6 
is a photomicrograph of this bar also at 1,000 diameters. 
The usual tests for hardness gave no apparent difference 
in these bars. 

On production work where a more or less constant 
amount of metal is passing through the hardening furnace, 
it is well to have the high temperature chamber about 
10 deg. or 20 deg. C. above the correct hardening 
temperature, so long as the time in this chamber is a 
constant for the same class of tool. 

It has been found by cutting tests extending over two 
years that Coventry screwing dies—and this therefore 
applies to many other fine-threaded tools—give better 
results when a high tungsten steel and a high hardening 
temperature are used, although the secondary hardness 
is not taken advantage of, as the teeth do not exceed 
at the most a temperature of 250 deg. C. under normal 
screwing conditions. Yet the resistance to abrasion 
is very high. One would presume that this is at least 
theoretically wrong, for with high tungsten a considerable 
number of brittle tungstide globules remain out of solution 
after hardening, and on the tips of the finest teeth would 
be liable to break away from the matrix, as sometimes 








hardened to give 550 Brinell will not 
resist wear so well as the same steel hardened and 
then tempered about 630 deg. C. to give 550 Brinell. 

Scratch and rebound tests seem to give anything 
but consistent results, and it would appear that magnetic 
and electrical tests have not yet been successful in solving 
this problem. A collection of all the known data from 
these tests would be valuable and might allow more work 
to be done in this direction. 

The author is indebted to Messrs. Alfred Herbert 
Limited, Coventry, and also to Messrs. Walter Spencer 
and Co., Sheffield, for permission to publish a number 
of the details in this paper. 








Tue Tupssery Srress Inpicatror.—A booklet illus- 
trating and describing a stress indicator designed by 
Mr. H. T. Tudsbery, of the Ministry of Transport, and 
made by Messrs. C. F. Casella and Co., Limited, 49 and 
50, Parliament-street, 8.W. 1, has been issued by that 
firm. In this instrument, which is intended to indicate 
the maximum stresses in structural members and con- 
structional materials generally, two hollow wooden rods 
(McGruer spars) are mounted end to end on the member 
to be investigated, the ouver ends being clamped to the 
member while the inner adjacent ends are supported 
by a fitting in which they are free to slide. The extension 
or compression of the member due to the load will, of 
course, vary the distance between the adjacent ends of 
the rods, and the relative movement is measured by a 
specially designed dial gauge clamped on to the rods and 
bridging over the central fitting. The plunger of the 
dial gauge is fitted with a friction device, so that in the 
case of a momentarily-applied load, the pointer will 
remain at the maximum reading instead of returning 
to the zero position after the load has been removed. 
From the extension or compression determined in this 
way the stress can be readily calculated if the dimensions 
of the member and the value of E be known. The dial 
gauge is graduated to read to 0-001 in., and the rods are 
usually clamped on 8 ft. centres, although it is possible 
to work with centres only 2 ft. apart. 
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BOILER EXPLOSION ON BOARD A STEAM 
DRIFTER. 


A FORMAL investigation was made by the Board 
of Trade under the Boiler Explosions Acts, 1882 and 
1890, at the Hall of the Masonic and Literary Institute, 
Buckie, on April 25 and 26, 1922, with regard to the 
cause and circumstances attending the explosion of a 
boiler on board the steam drifter Boyndie Burn, whilst 
the vessel was lying in Cluny Harbour, Buckie, on 
January 25, 1922, by which explosion two men were 
killed and another was severely scalded. 

Mr. M. M. Duncan, C.M.G., Advocate in Aberdeen, 
appeared for the Board of Trade. The Commissioners 
were Messrs. J. M. Irvine and Charles R. Cormack. 

Mr. Alexander Anton, solicitor, Buckie, appeared for 
Mr. Alexander McKay, managing owner; Mr. James 
McKay, Junior, Mr. James May Duthie, Miss Isabella 
Hector McNab, registered owners of the vessel; and 
Mr. James McKay, Senior, Skipper. Mr. John L. 
McNaughton, solicitor, Buckie, appeared for the United 
Scottish Herring Drifter Insurance Company, Limited, 
Mr. William Rennie, engineman, and Mr. David Duncan 
Brunton, surveyor, East Church-street, Buckie. 

The Commissioners, in their report state that the boiler 
was made by Messrs. Thomas Sudron and Co., Limited, 
Imperial Boiler Works, Stockton-on-Tees, in 1910. 
It was, therefore, at the time of the explosion, about 
twelve years old. It was of the ordinary multi-tubular 
type, made of steel, with a working pressure of 130 Ib. 
= square inch. The diameter was 9 ft. by 8 ft. 6 in. 
t was fitted with two plain furnaces, each 2 ft. 9 in. 
diameter. The bottom manhole door, situated below 
and between these furnaces, was on the front end plate 
of the boiler. The front end plate of the boiler was 
i in. in thickness, and was fi inwards to form the 
face against which the bottom manhole door was jointed. 
The bottom manhole door was elliptical in shape, 16 in. 
by 12 in. It was made of steel plate, } in. in thickness, 
pressed to form the spigot, and was kept in ition by 
two studs, 1} in. in diameter, with suitable ‘* dogs.” 
Pressure was applied to the jointing material by means 
of nuts. The jointing material used at the time of 
the explosion was that which is commercially known as 
** asbestos tape.” 

No repairs appeared to have been effected on the 
bottom manhole door or on the front end plate of the 
boiler forming the bottom manhole door prior to the 
explosion. 

On or about June 16, 1919, the boiler was inspected 
by Mr. David D. Brunton, who at that date was surveyor 
to the Moray Firth Marine Insurance Company, Limited. 
That inspection was made when the vessel was recon- 
ditioned after Admiralty service, and Mr. Brunton, in 
making that inspection, acted on behalf of the Moray 
Firth Insurance Company, and also on behalf of the 
»ersons who were owners of the vessel at that time. 
n April, 1920, when the vessel was purchased by the 
present owners, the boiler was inspected by Mr. Duthie, 
surveyor, Fraserburgh, now deceased. That inspection 
was made on the instructions of Mr. Alexander McKay, 
managing owner, acting on behalf of the present owners. 
That was the last inspection of the boiler prior to the 
explosion. 

At the date of the explosion the vessel and machinery, 
including the boiler, were insured with the United 
Scottish Drifter Insurance Company, Limited. 

In their “ Remarks,’”’ the Commissioners state that the 
Boyndie Burn was a steam drifter of 72-91 tons gross, 
registered at Banff, and was engaged in the fishing 
industry. On Thursday, January 19, 1922, the vessel put 
into Cluny Harbour, Buckie, and was lying there when 
the explosion occurred. On Saturday, January 21, 
William Rennie, who had joined the ship as engineman 
about Christmas, 1921, and who had been on board for 
= one fishing trip, fitted the bottom manhole door 
with a new asbestos joint. He, when rejointing the 
bottom manhole door on a previous occasion, had 
observed that the door was not a good fit; and, when 
fitting the door on January 21, he remarked to Alexander 
McKay, the managing owner, who was assisting him 
in putting on the door, that the door was a little small 
or a “ bit short.” Rennie, in the witness box, explained 
that this increased the difficulty of fitting the door, but 
that he did not think there was any danger. On 
January 21, Rennie, when the door was set, tightened 
it up with a spanner and also used a hammer. The 
boiler was filled on Monday, January 23, and on Tuesday, 
the 24th, about 11 a.m., Rennie lighted the fires, and 
about 4 p.m. left the vessel, not intending to return until 
the following morning. He stated, in his evidence, 
when he left the vessel, the pressure of steam was 10 lb., 
and that he had not put on much coal—the last being two 
small shovelfuls about 3 p.m, ‘‘ The fires,’’ he said, 
“should have been out about 7 p.m.’" There remained 
on board James McKay, Senior, George McKay and 
George Merson. The explosion occurred about 12-30 
a.m. on Wednesday, January 25, and George McKay 
and George Merson were killed. James McKay, Senior, 
was twice in the engine room after Rennie left, but he 
did not observe what fire there was in the furnaces. 
He stated, however, that George McKay and Merson 
were in the engine room all the evening. There was no 
direct evidence that more coal was put on during the 
8 hours which elapsed between the time when Rennie 
left the vessel and the time of the explosion ; but having 
regard to the violence of the explosion, it was clear that 
at the time, the boiler was at high pressure, and the 
inference is plain that, after Rennie left, more coal was 
put on by one or other of the two men who were in the 
engine room. 

After the explosion, it was found that a portion of the 
jointing material at the upper side of the manhole door, 
about 8} in. in length, was forced out, leaving an aperture 
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between the spigot of the manhole door and the front end 
plate of the boiler. Through this aperture the contents 
of the boiler escaped towards the after-end of the engine- 
room, there being no screen bulkhead between the boiler 
and the engine room. 

The principal and direct cause of the explosion was that 
extensive corrosion had occurred both on the edge of the 
flanged plate forming the manhole and on the spigot 
of the manhole door, and, in consequence of this corrosion, 
the manhole door did not fit. The wastage of the edge 
of the boiler plate and of the spigot of the door, was such 
that when the door was placed as nearly as possible 
in proper position, the space between the boiler plate 
and the door was, at one part, } in., and was, along the 
upper side of the door, where the jointing gave way, 
8 in. Under these conditions, the manhole door, after 
being put into position, tended to move downwards, the 
effect of any such movement being to increase the space 
between the boiler plate and the upper side of the man- 
hole door, and to allow the jointing material to be blown 
out. A contributory cause of the explosion was that the 
boiler, after the bottom manhole door had been rejointed, 
was subjected to a high pressure of steam without, so 
far as the evidence showed, the new joint being “ followed 
up,’ that is to say, without the nuts being further 
tightened as the bottom of the boiler became hot. 

This dangerous condition of the manhole door and of 
the manhole opening had existed for at least some months 
prior to the date of the explosion, and would have been 
ascertained by inspection of the boiler by any competent 

rson. The last inspection, prior to the explosion was 
in April, 1920, so that at the date of the explosion a 
“sega of 21 months had elapsed without any examination 

y a competent person. 

Dealing with the responsibility of the persons who 
had been made parties to the inquiry, the Commissioners 
state the case presented by the owners of the vessel was 
that they relied, and that they were entitled to rely, on 
inspections of the boiler being made periodically at 
intervals not exceeding a year by surveyors of the 
insurance company. The vessel and machinery, including 
the boiler, were insured with the United Scottish Herring 
Drifter Insurance Company, Limited, which company’s 
rules provided : ‘‘ The insured shall take every reasonable 
care and precaution to see that the vessel is maintained 
and kept during the currency of the policy in a sea- 
worthy condition’; also “That surveys of the vessel 
shall take place ‘when required by the company,’ and that 
the insured shall give all facilities and assistance for this 
purpose, ‘ provided, however, that if said vessel keeps 
clear of damage said surveys shall only take place 
yearly’.’”? These rules, however, do not, as matter of 
legal construction, impose an obligation on the insurance 
company to require a survey, or ‘to make a survey, 
periodically or at any time. The rules confer on the 
company a right to require a survey and provide that a 
survey shall take place when required by the company ; 
but, under the rules, it is left to the company, acting 
in its discretion and as it may deem necessary or desirable 
in its own interests, to determine when a survey shall 
be made by its officers or whether any such survey shall 
be made. The contention of the owners that they were 
entitled to rely on the inspection of the boiler being made 
by the insurance company periodically or at intervals not 
exceeding a year, therefore failed. The responsibility 
of maintaining the boiler in fit condition and of having it 
ae by competent persons rested with the owners 
and users of the boiler, and with them alone. 

A special point was raised with regard to the responsi- 
bility of Mr. David D. Brunton, who, at the date of 
the explosion, was one of the surveyors of the United 
Scottish Herring Drifter Insurance Company, Limited, 
and who in that capacity visited the engine-room of the 
vessel three days Before the explosion. The eccentric 
strap of the engine had broken down, and this breakdown 
was intimated by Mr. Alexander McKay, the managing 
owner, to the insurance company. In consequence of 
this intimation, Mr. Brunton, on January 21, went on 
board the vessel at Buckie to examine the strap. Mr. 
Brunton, when examining the strap, spent some time 
in the engine room, and was close to the Soseenn manhole 
of the boiler and had opportunity to observe it. It was 
contended that he should, in these circumstances, have 
taken occasion to look at the manhole door and report 
to the owners any defect observable therein. The 
opinion of the Commissioners, on that contention, was 
that Mr. Brunton, having been called in to examine 
and report on a particular and specific defect, it could 
not fairly be imputed as negligent or blameworthy on his 
part. that he did not, on that occasion, examine the 
manhole door of the boiler but confined his attention to 
the particular matter for which his attendance had been 
required. 

The report concludes with the following questions, 
which were submitted by Mr. Duncan on behalf of the 
Board of Trade, and answers by the Commissioners :— 

Question 1: Was the door examined by competent 
persons ? Was it a proper fit ?—Answer: Our answer 
to both branches of this question is in the negative. 

Question 2: Was the making of the joint entrusted to 
a competent person ?—Answer: Rennie, to whom the 
making of the joint was entrusted, was a practical 
working engineman on board steam drifters. He, how- 
ever, was not a skilled mechanic, and did not have the 
knowledge necessary to enable him to appreciate fully 
the difficulty and danger of rejointing the door under 
the conditions which existed. A competent engineer 
would have realised the difficulty and danger, would have 
drawn the attention of the owners to the condition of 
the spigot of the manhole and of the manhole opening, 
and would not, in our opinion, have undertaken the 
work of rejointing until a new door had been provided 
or the defects of the old door had been remedied. 

Question 3: What material was used in making the 
joint ? Was such material proper and suitable for 








the purpose? Was the joint properly made and was 
the door secured in a central position ?—Answer: The 
material used was asbestos tape. It was proper and 
suitable for the pw The work of the rejointing, 
so far as the evidence shows, was done by Rennie with 
care. We see no reason to doubt that the joint was 
made as efficient as was possible under the circumstances. 
The joint, however, was not, and could not, be made a 
proper joint. It is a reasonable inference that the door 
was not secured in a central position. 

Question 4: Was there any defect in the boiler plate 
in the vicinity of the manhole at the time the joint was 
made on January 21 last which would affect the efficient 
making of the joint ?—Answer: Our answer is in the 
affirmative. We have described the nature of the defect. 

Question 5: Was the door properly screwed up from 
time to time after steam was raised on the afternoon 
of January 24 last ?—Answer: The two men who were 
in the engine room during the evening of that day after 
steam was raised were both killed by the explosion. 
It cannot, therefore, be definitely ascertained whether 
the door was, or was not, screwed up from time to time 
on that day after steam was raised. The inference from 
the known facts, however, is that the door was not 
screwed up. 

Question 6: Did the owners make suitable arrange- 
ments for the proper care and safe use of the boiler 
so as to guard against such an explosion ?—Answer : 
The answer is in the negative. The owners failed 
to perform the duty of having the boiler inspected 
periodically by competent persons. At the date of the 
explosion a period of twenty-one months had elapsed 
without any examination of the boiler by a competent 
person. The dangerous condition of the manhole door 
and of the manhole opening had existed for at least 
some months prior to the date of the explosion, and would 
have been ascertained if the boiler had been inspected at 
reasonable intervals by competent persons. 

Question 7: What was the cause of the explosion ?—- 
Answer: That we have already answered. 

Question 8: Was the boiler insured? If so, with 
what company was it insured, and for what amount, 
and what were the company’s rules and conditions with 
regard to such insurance ?—Answer: The vessel and 
machinery, including the boiler, were insured for 2,600/. 
with the United Scottish Herring Drifter Insurance 
Company, Limited. We have in this report stated the 
purport of the provisions in these rules affecting the 
questions at issue in this inquiry. 

Question 9: Were periodical or any inspections of the 
boiler made on behalf of the United Scottish Herring 
Drifter Insurance Company, Limited, and, if so, when 
was the last inspection made ?—Answer : No inspections 
of the boiler were made on behalf of the United Scottish 
Herring Drifter Insurance Company, Limited. The 
persons or societies who have inspected the boiler and 
the dates of these inspections are set out elsewhere in this 
report. 

Question 10 : Did the duty rest on the United Scottish 
Herring Drifter Insurance Company, Limited, or their 
surveyor, Mr. David Duncan Brunton, or either of them, 
to draw the attention of the owners to the fact that the 
boiler should be periodically examined ?—Answer: No 
such obligation was undertaken in law by the United 
Herring Drifter Insurance Company, Limited, or by 
their Surveyor, Mr. David Duncan Brunton. 

Question 11: Are Alexander McKay, registered 
managing owner, James May Duthie, Isabella Hector 
McNab, and James McKay, Junior, part owners, and 
James McKay, Senior, the skipper, and William Rennie, 
engineman of the 8.8. Boyndie Burn, and the United 
Scottish Herring Drifter Insurance Company, Limited, 
and their surveyor, Mr. David Duncan Brunton, or is 
any, and, if so, which of them to blame for the explosion ? 
Should they, or any, and, if so, which of them pay any, 
and if so, what part of the costs of this formal investi- 
gation ?—-Answer: For the reason stated elsewhere 
in this report we consider that blame attaches to 
Alexander McKay, registered managing owner, James 
May Duthie, Isabella Hector McNab, and James McKay, 
Junior, part owners. We find Alexander McKay, James 
May Duthie, Isabella Hector McNab, and James McKay, 
Junior, registered owners of the steam drifter Poyndie 
Burn, jointly and severally liable to pay the sum of 10/. 
to the Board of Trade towards the expenses of this 
investigation. 





EXPLOSION OF AN OXYGEN CYLINDER.—-The report on 
the explosion of an oxygen cylinder, which took place 
in the Jefferson Physical Laboratory of Harvard College, 
U.S., last summer, ascribes the accident, which killed 
two people and injured several others, to the disregard 
of the rule never to use cylinders, reserved for the storing 
of hydrogen, for other gases and especially not for 
oxygen. To prevent mistakes, the valves of hydrogen 
cylinders are fitted with left-handed screw threads. 
In the case in question the cylinder was standing on a 
cement floor while being charged with oxygen from a 
balloon by a two-stage Whitehead compressor provided 
with water-lubricated cylinders. The gas passed, on its 
way to the steel cylinder, first through a small water- 
separator. At the moment of the explosion the pressure 
in the steel cylinder was about 1,500 Ib. per square inch. 
Mr. A. K. Dunbar, one of the victims, who was in an 
adjoining room, heard a slight pop in the safety valve ; 
he restarted the motor and was evidently standing near 
the cylinder when the explosion occurred. The cylinder 
was found to have a left-handed connection, and was 
therefore a hydrogen cylinder. In compressing hydrogen, 
oil may be used for lubrication, and some of this oil may 
find its way into the cylinder and its valve. In oxygen 
compression water and soap-water are used as lubricants, 
and had been used in this case, since compressed oxygen 
may cause oil explosions ; it is believed that the cylinder 
had contained some oi] from its previous use. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
ent, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed’’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of ms py tg to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


183,160. O. B. Davies, Woodley, Stockport. Gas 
Producers. (3 Figs.) January 19, 1921.—This invention 
relates to apparatus for use in cooling, cleansing or scrubbing 
gases in connection with all types of gas producers. Apparatus 
for cooling, cleansing or scrubbing producer gas comprises a 
central cylinder ¢, a second cylinder 6 concentric therewith, the 
inner cylinder ¢ and second cylinder b having located between 
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them a helical plate n designed to cause the gas to flow at a high 
velocity through the helical passage constituted by the plate and 
cylinders, so as to remove the solid and liquid matters in suspension 
by centrifugal action prior to the gas passing up the central 
cylinder c to the gas service pipe, the separated matters accumu- 
lating in a chamber w at the base of the apparatus. An annular 
chamber e for the reception of a cooling medium is provided 
around or upon the outer cylinder. (Accepted August 2, 1922.) 


182,678. Armstrong Siddeley Motors, Limited, 
Coventry, and S. M. Viale, Coventry. Attaching Engine 
Cylinders to Crankcases. (6 Figs.) June 27, 1921.—This 
invention relates to the securing of engine cvlinders to crankcases. 
According to this invention, the cylinder C is screw-threaded and 
is provided with a shoulder or flange adapted to abut the crank- 
case B when the threaded part extends through the aperture 
therein provided for it, this threaded part being engaged by a 
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nut A (preferably in the form of a ring), which is rotated by gearing 
F2 actuated from the exterior of the crankcase. Thus it is 
possible to hold the cylinder C angularly stationary, and, from 
without the crankcase B, to tighten the nut A so as to make a 
secure fixing for the cylinder, and to locate the actuating device 
where it is easy of access. The gearing may be arranged so that 
the cylinders can be brought as closely to one another as desired 
or as the diameters of the nuts permit. (Sealed.) 


182,570. S. W. Carlton, London. Internal Combustion 
Engines. (4 Figs.) April 6, 1921.—This invention relates to 
internal-combustion pumps of the type in which the explosion is 
caused to take place above a body of water which is expelled by 
the resultant pressure, and a fresh supply of water enters the 
combustion chamber for the next working stroke, the water 
constituting, as it were, the piston of an TT reciprocating 
internal-combustion engine. The object of this invention is to 
provide an engine of this type in which initial compression of the 
explosive charge is given by a supply of compressed air at a 
moderate pressure (for example, 30 Ib. per square inch) but which 
will deliver the water at a very high velocity or pressure (for 
example, 600 Ib. per square inch), and expe arly at a pressure 
which is higher than would ordinarily be obtained as the mean 
effective pressure of an engine working on a comparatively low 
compression pressure. This result is obtained by the use of what 
may termed a “compound” engine, for according to this 
invention, an engine of the type described is provided with two 
working cylinders 10, 20 so arranged that the water discharged 
from the cylinder 10 by an explosion therein is delivered directly 
into the cylinder 20 for the purpose of obtaining therein a higher 
compression pressure and a higher mean effective pressure than 
was obtained in the cylinder 10, and further so arranged that the 
water is delivered at the desired high pressure or velocity from the 





cylinder 20 without any of it being returned to the cylinder 10. 

he improved pump comprises two chambers 10, 20 constituting 
the bustion-chambers of the two cylinders. These chambers 
are open at their lower ends and connected by a U-shaped member. 














Within this member there is provided a“non-return valve, 
which will permit the passage of fluid from the cylinder 10 to 
the cylinder 20, but prevents any reverse flow. The lower end of 
the cylinder 20 also communicates with an outlet-pipe which is 
the final delivery-pipe of the pump. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


182,513. J. Shaw, Bidston, and Ida Starter, Limited, 
London. Clutches. (3 Figs.) March 5, 1921.—This inven- 
tion relates to <2 ope ey in clutches for transmitting motion 
between two axially aligned shafts by means of a ‘positive drive 
and more particularly to the type of clutch which comprises a 
driving member fitted with a sliding part, which acts as a 
locking element engaging with a driven member having suit- 
ably formed sloping approaches to the parts which engage the 
sliding locking member. A, B are res ively a driving and a 
driven shaft. C, D are shaft terminal members having similar 
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radial flanges L, M. respectively. A member E sliding upon 
the member C and having a circular groove K carries two dog 
fingers P. In the flanges L, M are cut slots F, G, which corre- 
spond in width with the fingers P. Bevelled slopes H are cut 
in the face of the flange M as indicated in order to assist engage- 
ment of the fingers P with the slots G. To engage the clutch, 
the member E is moved by the grooved part K along the part 
C until the dog fingers P slide through the slots F into the slots 
G, while a reverse sliding from the engaged position shown in 
Fig. 1 serves to cause disengagement when the position shown 
in Fig. 2 is reached. (Sealed) 


182,643. B. Brett, Coventry, and Bretts’ Patent Lifter 
Company, Limited, Coventry. Drop Hammers. (5 Figs.) 
May 26, 1921.—This invention relates to drop hammers of the 
type in which friction gear is employed for lifting the tup prior 
to each blow. The invention comprises the use in conjunction 
with the operating rope or the like, of renewable gripping pieces 
which provide the required connection with the rotary member 
embraced by the operating rope or the like. A double or twin 



































wire cable a is used for transmitting motion to the lever b of the 
friction gear from the collar c secured to the rotary shaft d. At 
suitable intervals pairs of small metal blocks e are clamped on the 
cable, the blocks being located on opposite sides of the cable, and 


each pair caused to grip both parts of the cable. On the inner 
face of one block in each pair is secured a pad of non-metallic 
gripping material such as is used for the lining of brake blocks, 
clutches and the like, the pads serving to provide the required 
frictional grip on the shaft. (Sealed.) 


MINING, METALLURGY AND METAL-WORKING. 
182,332. G. E. Young, Barrhead. Foundry Mouldin 
Machine. (2 Figs.) July 1, 1921.—This invention relates 
more particularly to moulding machines of the type in which 
the table and the block are separately movable towards and 


2 | together against the action of th 


away from one another in suchwise that when the table and 
the k are caused to collide the momentum of one is destroyed 
by the momentum of the other, so that the shock of the colli- 
sion is not transmitted to the support for the machine. The 

mt invention is characterised primarily by the features 
hat the table with its piston and the block are arranged to 
counter-balance one another and that the piston and table are 
moved by one cam, while the block is moved by an independent 
cam or cams. The machine shown comprises a base-plate 1 
from which rises an upright sleeve 2 traversed by a horizontal 


bo eae 
a" 


rere eee He doo 
ee ae 


















coos 




















Y 


Y/e 


~\’ 


SBMA Q™Q{Q{j&qe —— 


Ve 





v4 


WAAR 





7] 
. 





eZ 
we 
\0) 


SS 


| wy 


7 
Lal 
— os 
4 . = = é e 
+, Vii Sos Je 
PWNS 





7 


“A 


aa 
zal 
Ww 


RS " 


NN! N QS SN NN 


Z 
ZZ 


i 
SS 








LA hdddddddisiie 

Gye) LL fy, ER Cas 
Ui 

a avev@rer vahiy( D> 

S4 

Y; 

Y 
Uj 






iim 





\S 
SS 
SSs 


We MAI LISITSSITS Z| 


\S 






YY 
SSO SSE 


S 


S 
S 


SSS 


“WS 
SESS 


SS 
J Wkikddbhiddddedses 


SS 





LL 





cam shaft 3, to which latter are fixed three cams 4, 5, 6. Tele- 
scopically movable in the sleeve 2 is a piston 7 su:mounted by 
a table 8. The sleeve 2 is surrounded by a block 9, the piston 
and table being arranged to counter-balance the cylinder by 
means of beams 10 and connecting rods 11. The cam 56 acting 
through a follower 12 controls the vertical movement of the 
piston and table, while the cams 4 and 6 control through followers 
13, 14 the vertical movement of the cylinder 9. e cam 5 
is arranged to give a slow lift and a qu’ck return. (Sealed.) 


182,302. Thermal Industrial and Chemical (T.1.C.) 
Research Company, Limited, London, and J. 8. organ. 
London. Treating Molten Metal. (i' Fig.) June 7, 1921. 
—In processes of heat treatment by means of a bath of molten 
metal, such as the distillation of liquids or the drying of fusible 
solids, it is often desirable to remove completely and rapidly 
the residual liquid from the surface of the molten metal. To 
do this without at the same time removing metal also, is not 
easy. By the present invention even a thin film of liquid may 
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be removed from the surface of the metal without at the same 
time removing the latter. According to this invention, the liquid 
is picked up from the surface of the molten metal by a revolving 
drum ¢, disc or the like from which it is scraped so as to flow or 
fall into a discharge pipe or gutter. The drum or disc ¢ is 
partially immersed in the molten metal, or it may be supported 
at such a level that the revolving surface just clears the surface 
of the molten metal while dipping into the liquid which is to be 
removed. (Sealed.) 


MOTOR ROAD VEHICLES. 


182,653. J. S. Wilkerson, South Woodford. Trans- 
mission Gear. (2 Figs.) June 4, 1921.—This invention 
relates to transmission friction gear for motor-propelled vehicles 
of the kind comprising a pair of friction discs arranged face to 
face, means to drive a road wheel from each disc either directly 
or indirectly, and a pair of driving friction discs to yo 
driven discs. According to the present invention, in change 
speed gearing of the kind referred to, there is combined with a 
pair of driving discs and a driving shaft, means, such as clutches, 
to connect one disc to the shaft while poaving the other disc free 
to rotate relatively thereto. A pair of driving discs 1, 2 is mounted 
on sleeves 3, 4 on the propeller shaft 5 of the motor vehicle. The 
sleeve 3 carries one member of a dog clutch 6, and the sleeve 4 
carries one member of a dog clutch 7, the other members of the 
clutches being formed on a common member 10 mounted on the 
shaft 5. 11,12arethedrivendises. Each driven disc is mounted 
on a short sleeve 13, splined on a spindle 14 so that it is movable 
longitudinally thereon. Each sleeve 13 has a grooved collar 21 
which is engaged = a member 23 carried by a rod 24. The rods 
24 are secured to the ends of a pivoted T-shaped lever, which is 
connected to an operating member, On each sleeve 8, 4 is 
mounted a projecting member or pin 30. In connection with 
each of these pins is a forked lever 31 and between the opposite 
ends of these levers is acompression spring 33, which presses the 
driving discs 1, 2 into contact with the driven discs 11,12. For 
changing speed, it is necessary to separate the driving discs from 
the driven discs so that the positions of the latter ie | be varied 

and for this purpose the top ends of the levers 31 must be pressed 
pring 33. Any suitable 
hanism may be provided for this purpose. To vary the 




















mec! 
or the driven discs 11, 12 are moved towards or away from 
the driving shaft 5 by rotating the T-shaped lever about its pivot 
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‘ty means of the operating member connected thereto. Toallow 
the position of the driven discs to be varied in relation to the 
driving discs, the latter are opened out by moving the link 39, for 
example by means of a pedal, whereby the spring 33 is compressed 


and the levers 31 are moved. For forward drive the member 10 

is moved so as to throw into operation the dog clutch 6, and for 
reverse is moved so as to throw into operation the dog clutch 7. 
Accepted July 17, 1922.) 


182,634. H. Marles, London. Steering Gear. (7 Figs.) 
May 18, 1921.—This invention relates to steering gear for 
mechanically propelled vehicles and js specially applicable to cam 
steering gear of the kind in which radially extending cams or 
cam surfaces mounted on the lower end of the steering column 
co-operate with roller surfaces carried by a short cross spindle or 
rocker shaft which forms part of the rocking pivot upon which 
the vertical drop arm of the steering gear is secured. According 
to the present invention, there is provided in conjunction with the 
cam members 16, 17 secured to, or operated by, the steering 
columa 1, a dise 19 which is mounted to turn about an axis 
at an angle to the axis of the rocker shaft 6 and which is 
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of sufficient size to bear with its face upon both of}]the cam 
surfaces 16,17. The cams on the steering column may be 
80 cut as to allow of one or more complete turns, preferably about 
one and a-half, and the disc may be conveniently arranged to 
turn the rocker shaft through an angle of about 70 deg. The 
dise itself may be mounted in a recess machined in the rocker 
shaft, or it may be mounted so as to be practically supported 
over its whole underside surfaces, or it may be mounted upon a 
small or large central bearing pin adapted to enter or to pass 
through the rocker shaft. The disc may be backed up by means 
of an anti-friction washer or by means of a thrust bearing. 
Accepted July 19, 1922.) 


RAILWAYS AND TRAMWAYS. 


182,298. R. H. Dickinson, Hall Green, Birmingham, 
and T. C,. Winfield, Acocks Green, Birmi m. Gear 
Cases. (4 Fizs.) June 2, 1921.—The primary object of the 
present invention is to provide an improved gear casing for tram- 
ears. According to this invention, the lower portion of the gear 


Fig.1_ 


casing is provided with a cap of thin sheet metal, detachably 
secured. In the vonstruction illestrated, the sheet metal cap 
1 is provided with a flange 3 adapted to abut against a similar 
flange 4 around the opening in the lower portion of the gear 
case 2 and te be secured thereto by means of the bolts 5. 
4 Sealed.) 


182,356. J. Macleod, Mount Florida, Glasgow, and 
Sir H. Reid, Bart., Sprin burn, Glasgow. Locomotives. 
(2 Figs.) August 18, 1921.—This invention relates to locomo- 
tives, more particularly to locomotives of the type dependent for 
operation on turbine machinery. The present invention consists 
in.a forced draught system comprising conduits 1, 1, one located 
on each side of the locomotive and arranged with the inlet opening 
2 directed towards the forward end 3 of the locomotive. Oil 
coolers 4 are di 4 in the conduits 1 and serve as heat ex- 
changers designed to cool the oil and to impart heat to the air 
passing through the conduits 1,1. A fan 5 is arranged in the 
system beyond the oil coolers and is located at the junction of 
‘the conduits and a trunk 6 led round the boiler smoke box 





connects the discharge end of the fan 5 with the boiler furnace 7. 
There is introduced into each conduit a cold spray of water so 
that a mixture of air and water is drawn through each oil cooler 
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whereby effectively to extract the heat from the oil, the spray 
being supplied by a suitable spray nozzle or nozzles (not shown). 
(Sealed.) 


SHIPS AND NAUTICAL APPLIANCES, 


182,636. J.D Id , Glasgow. Handling Bulk Cargo. 
(1 Fig.) May 20, 1921.—The invention has for its object to 
provide an apparatus for handling bulk cargo in ships’ holds. An 
apparatus made according to the invention comprises essentially 
a structure A having a base of such area and width and its 
centre of gravity so low that it will rest stably as a whole upon 
the surface of the material to be handled. On the structure is 
carried a chain of digging buckets E, after the manner of a 





dredger or excavator, so placed that the buckets dig into and 
remove the material and lift it to a higher level—the bucket 
chain thus running in a vertical position or a position approaching 
the vertical. At the higher level, the buckets discharge their 
contents directly or by way of a shoot M to conveying appliances. 
The bucket chain D is driven through gearing from an electric 
motor or other —_ mover, motor and gearing being arranged 
at as low a level as convenient so that the centre of gravity of 
the apparatus may be as low as may be. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


¥ 181,158. R. Whitehead, Hollinwood, Oldham. Lanca- 
shire and Cornish Boilers. (4 Figs.) March 29, 1921.— 
This invention refers to means for maintaining an airtight joint 
between the boiler and its brickwork setting at the front end of the 
boiler. According to the invention, two (or more) grooves c, d 
are formed in the brickwork setting a next the boiler, such grooves 
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extending below the boiler and along the usual saddle f surround- 
ing thefmudcock of the boiler and terminating at points near the 
top of each side flue. In each groove is laid a stout asbestos 
rope e (or two or more small asbestos ropes), the rope (or ropes) 
protruding above the surface of the brickwork and thereby 
offering a yielding packing material or surface for the boiler to 
bear against or rest upon. (Sealed.) 


183,093. Babcock and Wilcox, Limited, London, and 
A. Spyer, London. Water Tube Steam Generators. (3 
Figs.) January 6, 1922.—This invention relates to oil-fired 
steam generators of the Babcock and Wilcox marine type, and 
has for its object to provide an improved arrangement whereby 
the heat from the exhaust gases of Diesel or other internal-com- 
bustion engines may be employed to assist in the generation of 
steam. In accordance with the invention, the exhaust gases 
from the engine are introduced into one of the passes of the 
generator concomitantly with the products of combustion from 





the oil burner or burners. A denotes the usual brick lined 
furnace of the generator, B the oil burner or one of the burners, 
and C the banks of tubes of the steam generator. E indicates 
the supply pipe for the exhaust gases from the Diesel engine 
which terminates above the tubes C of the generator, the gases 
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being guided by means of baffles F to the second pass of the 
generator, where they mix with the hot products of combustion 
flowing from the first pass and are carried therewith through the 
final pass to the chimney or stack, in which may be fitted an 
induced draught fan (ndt shown). (Sealed.) 


182,937. C. E. Adams, London. Engine Pistons. (1 
Fig.) April 13, 1921.—This invention comprises improvements 
in the construction and manufacture of engine pistons. According 
to this invention, the piston rod } and piston head a are forged 
solid in one piece from suitable steel, the rod b being formed hollow 
preferably from that point where the end portion ¢ of the rod is 
tapered to produce a cross-head fit to the outer face of the piston. 
The hollow or bore may be closed at the outer end by screwing 
a steel plug into the mouth thereof, the orifice of the mouth being 
in the outer face of the piston. The piston is of light construction, 
such as is produced by making it of Z-section on a cross section 
taken on any radius, and its cylindrical peripheral surface is 
encircled and completely covered by a ring g of bronze, the surface 





being preferably formed with a siight annular depression f for 
producing greater security in the hold of the ring g on the piston. 
The bronze ring is suitably secured on the piston, as by casting, or 
by the aid of pressure and heat, and preferably by one of those 
metallurgical processes which result in what 4 known as the 
marrying of the bronze to the steel. The grooves for the reception 
of the gun metal or other packing rings h are formed entirely 
within the thickness of the bronze ring. The hollow formation of 
the rod may be produced by boring it after forging, the boring 
being done from the outer face of the piston towards the cross- 
head end, and the boring preferably terminating at that point 
where the diameter of the rod gradually lessens in producing 
the formation of the cross-head fit, so that the end portion having 
this fit is of solid nature. (Sealed.) 


MISCELLANEOUS. 


181,829. H. J. W. Graydon, Abbeyhill, Edinburgh. 
Valve Spring Lifting or Compressing Tool. (3 Fs.) 
March 21, 1921.—According to the invention, the tool com- 
prises a pair of spring jaws A, Al, normally held together at 
their active or valve engaging extremities and adapted to be 
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forced apart by means of a bent lever F which fulcrums on the 
jaw Al, so that its shorter arm F! is adapted to bear against the 
jaw A, while its longer arm may engage ratchet teeth J to hold the 
lever in different positions and the iaws at different distances 
apart according to requirements. (Sealed.) j 








